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GENERAL COMMENTS

Before listing all the comments/criticisms of the work plan, the U.S.
Environmental Protection Agency (EPA) would Tike to point out several features
o{ the work plan that we consider to be significant improvements over previous
plans:

1. The inclusion of the new work being done on subdividing the
Ringold Formation into facies-related units is a definite
improvement. This may enable a consistency of unit names across
the Hanford Site.

2. Including the dates of known construction changes on the well
construction logs allows for a more informed interpretation of the
historical water quality and water level data for each well.

3. The work plan contained good coverage of the source units with
their relevant histories of use and previous investigations of
contamination.

4. The figures showing planned borehole locations at source sites and
the configurations of structures, etc., was a good addition to the
work plan.

The work pian provides a great deal of information about the operational
history, potential contamination, and available analytical data for the
operable unit. However, the document is designed for general investigations

and is not sufficiently focused on remediation. The data quality objectives
do not provide specific data uses. For example, in Table 4-3, for soil, one
data use is "define conceptual site model," but the part of the model to be

defined based on the soil sampling is not specified. Also, “"conduct risk
assessment” is mentioned under the data uses column for groundwater only,
implying that the soil ingestion and inhalation pathways will not be
evaluated.

The text contains discrepancies in the use of existing analytical
radionuclide data. Section 3.1.1.1, p. WP3-9 states that ". . . the
quantitative value of the data should be used cautiously.” However, Section
3.3.4.2 presents a quantitative risk assessment for the years 1990 and 2090
for ingestion and inhalation of soils at seven contaminant sources, and for
groundwater ingestion sitewide. This use of the data appears inconsistent
with the earlier statement on the usability of existing data.

The preliminary risk assessment section (Section 3.3) presents
information on contaminants of concern and preliminary risk evaluations in a
manner that might be misleading. The reader could conciude that the risk
estimates given in this section are final estimates. For example, on p. WP3-
134 the text states, "A risk characterization for humans has been carried out
on the potential exposure from drinking water ingestion of radionuclides and
chemicals found in monitoring wells." The word "preliminary" should be
inserted in front of "risk characterization™ to clarify its preliminary
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status. Other examples include Tables 3-36 and 3-37, which present 11fet1me
carcinogenic and noncarc1nogen1c risks, respectively, from groundwater
ingestion. Again, the word "preliminary"” should appear in the table titles.
In general, Section 3.3 should be examined and the word "preliminary" inserted
where appropriate.

Additionally, the preliminary risk assessment section ignores the U.S.
Environmental Protection Agency (EPA) Region 10 risk assessment guidance (EPA
1990a) that was current when the work plan was prepared. For example, Table
3-30 presents exposure assumptions used in the preliminary risk assessment,
giving 70 years as the parameter for both the number of years exposed and the
averaging time. However, Region 10 guidance specifies 75 years. The Region
10 guidance shouid be reviewed and the appropriate parameters should be used
in Section 3.3. This section should alisc present a discussion regarding the
uncertainties inherent in the preliminary risk estimates. This discussion
should address the concerns presented in Section 8.4 of the Superfund risk
assessment guidance (EPA 1989). Finally, Region 10 guidance has been
superceded by OSWER Directive No. 9285.6-03, dated March 25, 1991 (Attached).
This directive is entitled "Human Health Evaluation Manual, Supplemental
Guidance: Standard Default Exposure Factors." While it is acceptable to use
EPA 1989 and EPA 1990a references for the preliminary risk assessment, the
remedial- investigation baseline risk assessment should be performed using the
new OSWER directive.

The baseline risk assessment section (Section 5.1.12) discusses the
steps invoived in the determination of potential health.and environmental
risks. In general, the approach is acceptable, with the exception of the use
of applicable or relevant and appropriate requirements (ARARs) as acceptable
Tevels for human exposure. It is not correct to use ARARs as acceptable
levels in the human baseline risk assessment because ARARs are not consistent
with respect to risk. For examp]e, the Tevel of risk used for developing an
ARAR for one contam1nant may be 10°%, while for another contaminant the risk
1eve1 used may be 107>. Baseline risk assessments focus on a
10 risk level for carc1nogens. Also, Group C carcinogens are not treated as
carcinogens during ARAR development. However, slope factors for Group C
carcinogens should be included in the baseline risk assessment. ARARs should
be used in the ecological portion of the baseline risk assessment, and ARARs
are necessary tools for feasibility study decisions.

There are inconsistencies in organization and presention of the
information for source units throughout the work plan and the field sampling
plan. No rationale is provided for sampling locations, sampling intervals,
sampling depths, or analytical parameters for source and vadose zone
characterization, either in the work plan or in the field sampling pian.
There is no explanation for the omission of surface or near-surface soil
sample collectijon from most of the sources.

EPA (1990b) recommends that background samples be collected and analyzed
prior to the final determination of the sampling design, since the number of
samples is significantly reduced if 1ittie background contamination is
present. Hence, a timeframe should be specified to establish the site-
specific background sample locations for surface and subsurface soil
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characterization, to allow time for review of the sampling approach and the
adequacy of the samples.

The quality assurance project plan (QAPP) addresses the 16 items
required ;n a QAPP (EPA 1983a). However, the following critical information
is omitted:

. The precision, accuracy, representativeness, comparability, and
completeness parameters are not addressed for all parameters or
sample types.

. The methods proposed are inadequately or inappropriately

referenced.

. Several parameter groups do not have methods referenced or
provided for review.

. Inappropriate methods are proposed for soil analyses.

° None of the precision, accuracy, or completeness goals are

presented for soil analyses.
. Ecological parameters.and methods are not identified.

. The QAPP text does not clearly identify the analytical data to be
validated or the validation criteria.

L3

The health and safety plan presents thorough procedures for ensuring
health and safety while performing field activities at the operable unit. The
plan meets the requirements specified in the Occupational Safety and Health
Administration regulation on hazardous waste operations and emergency response
(29 CFR 1910.120). However, Washington state regulations on health and safety
shouid also be included in the plan. In addition, inclusion of examples of a
hazardous waste operating permit and a radiation work permit would provide an

. additional level of detail not given in the generic plan.



SPECIFIC COMMENTS

WORK PLAN

1. Comment: Section 1.0, p. WP1-1, third paragraph
The 100-FR-1 Operable Unit is considered a source and groundwater unit.

2. Comment: Section 1.1, p. WP1-4, third paragraph .
See comment 1.

3. Deficiency: Section 1.1, p. WP1-5, first paragraph
This paragraph states, "The RI/FS does not include evaluating the
general impacts of previous reactor operations . . . handled by the
Defense Decontamination and Decommissioning Program," but specific
reasons for omitting the evaluation of impacts are not stated.

Recommendation:

The general impacts from previous reactor operations should be
identified and evaluated to determine whether those 1mpacts had an
effect on the operable unit.

4. Deficiency: Section 1.1, p. WP1-5, second paragraph

In the last sentence, the statement *. . . existing data that may not
be complete or validated" is vague and uninformative.

Recommendation:

A clear statement on the quality of existing data should be included.
thorough evaluation of existing data is needed to help prevent
duplication of previous efforts and to facilitate a remedial’
investigation that is more focused and therefore more efficient in its
expenditure of resources.

5. Deficiency: Section 1.2, p. WP1-5, second paragraph

Recommendation for an early action if an imminent threat exists is not
included as one of the data-gathering objectives of the remedial
investigation.

Recommendation:

The objective, "Recommend an early removal action such as classic
emergencies, time-critical removal actions, and non-time critical
removal actions based on the urgency of any imminent threats" should be
included in the data-gathering objectives of the remedial investigation
(EPA 1987a).
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Deficiency: Section 2.1.6.1.2, p. WP2-15

A sizeable amount (approximately 10 percent) of the process tubes were
held in the fuel storage basin for the decay of short-lived
radionuclides. This operation occurred about once a month, generating
contaminated water within the basin. Information on the disposal of
contaminated water during normal operation other than fuel e1ement
rupture within the basin is not mentioned.

Recommendation:

The information on the frequency with which the fuel storage basin was
drained during normal operations, the disposal location for the
contaminated water, and the concentrations of radionuclides in the
storage basin water should be described to help determine whether the
fuel storage basin area is a potential source of contamination.

Deficiency: Section 2.1.6.1.3, p. WP2-15%

This section addresses decontamination activities during reactor
operations and reactor shutdowns. Information is not provided on the
quantities of decontamination solutions generated, the frequency of
generation, the method of dispesal (such as trenches or pits in the
immediate vicinity of the building where they were used), and where the
solutions were combined with cooling water before discharge to the
river.

Recommendation:

" Detailed information on decontamination procedures should be included to

help determine the sources and the extent oF contamination associated
with decontamination activities.

Deficiency/Recommendation: Section 2.1.6.2.2, p. WP2-16

The following information on the disposal areas and the nature of
discarded reactor components should be included:

. Facility identification numbers for disposal of highly
contaminated irradiated.reactor components

. The type of miscellaneous irradiated radicactive components and
other irradiated hardware

Deficiency/Recommendation: Section 2.1.6.2.4, p. WP2-17

The information given in this section for the-radioactive solid waste
generated from decommissioning operations is not adequate. The
following information should be included: the amount of wastes
generated; the disposal facility identification number {(if used in the
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10.

11.

12.

F-area); the amount of wastes remaining at the facility Iocations in the
form of demolition debris, foundation structures, buried concrete-lined
tunnels, and buried pipelines; and the type of surface treatment
chemicals used to treat the residual contamination.

The 116-F-14 retention basin is included in the demolished facilities in
the operable unit. In Section 2.1.6.2.1, the text states that
approximately 200 tons of sludge remains in the 116-F-14 retention
basin. It is unclear whether the 116-F-14 retention basin is existing
or demolished; its status should be described clearly.

Deficiency/Recommendation: Section 2.1.6.4, p. WP2-18

Information should be provided on the amount of ash generated from the
incineration of contaminated animal carcasses, including Z°Pu-
contaminated carcasses and animal wastes from the dog experiments.

Deficiency: Section 2.1.6.5, p. WP2-18

Facility identification numbers are not indicated for the five septic
tank and leach field waste disposal locations for the sanitary wastes;
other wastes containing detergents, cleaning compounds, and solvents;
and laboratory wastes containing radioactive and hazardous chemical
contaminants.

Recommendation:

The current status and the facility identification numbers for the five
septic tanks and leach fields should be included to help evaluate the
Tocations of these facilities as possibie sources of contamination.

Deficiency: Section 2.1.6.6, p. WP2-19

Information on the following components of nonradioactive liquid waste
generation and disposal processes is not provided in this section:

. Water treatment sludges from settling tanks

. Filter backwash water

. Wastewater generated from cleaning of mixing chambers,
flocculators, and valve pits

. Water treatment siudge from boiler water treatment units

Recommendation:

Additional information on the amount of liquid wastes generated and
methods of disposal of these wastes should be included to help determine
the potential contaminant sources during the investigation.




13.

14.

15.

16.

i7.

18.

19.

20,

21.

22.

Deficiency/Recommendation: Section 2.1.6.7, p. WP2-19, second paragrabh

The disposal facility for other solid waste consisting of uncontaminated
concrete, metal parts, asbestos, chemical waste, and contaminated solids

is not identified. The facility identification number shouid be
included to help locate the disposal area within the operable unit.

Comment: Section 2.2.3.3, p. WP2-29

It is stated that the Plio-Pleistocene, "Palouse", and brenMissoula
comprise the sequence above the Hanford Formation. This should read,
"above the Ringold Fm. and below the Hanford Fm".

Comment: Section 2.2.3.3.3, WP2-31, first sentence

The Hanford Formation rests unconformably, not uncomfortably upon the
Ringold Formation.

Comment: Table 2-2, p. WP2-33

The table indicates monitoring intervals of 22-45 and 65-90 for well
199-F5-3, but figure 2-12 shows a plug at 63 ft.

Comment: Table 2-2, p. WP2-33

The table indicates a monitoring interval of 16-82 feet for well 199-
F8-2, but a drill depth of only 55 feet.

Comment: Figure 2-14, p. WP2-41

The figure should show the casing continuing to 150 feet with cement
filled to 82 feet.

Comment: Figure 2-15, p. WP2-42

The figure implies a stickup of the surface casing of 9.74 feet
(LSL=380, top of casing 389.74 feet). Elevation values should be
checked.

Comment: Figure 2-16, p. WP2-43

The well installation date is 8/1960, rather than 8/1980.
Comment: Figure 2-19, p. WP2-46 and Figure 2-7, p. WP2-34

The spacing of wells in the cross-section does not match the spacing
shown on the map.

Comment: Figure 2-20, p. WP2-47

The spacing of wells 199-F8-1, 199-F8-2, and 199-F5-4 in the cross-
section does not match the spacing on the map.
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23.

24.

25.

L
. 26.

27.

28.

29,

30.

Comment: Figure 2-20, p. WP2-47

On the southwest end of the cross-section (at 699-77-36 and 199-F7-1),
no contact is drawn between the Hanford and FSC.

Comment: Figure 2-22, p. WP2-50 and Figure 2-20, p. WP2-47

The isopach map indicates no Hanford at 699-77-36, but the cross-
section shows Hanford above the FSC (with no contact drawn).

Deficiency: Figure 2-22, p. WP2-50, Figure 2-24, p. WP2-52

These figures do nof include units on the data that is shown.
Recommendation:

Revise the figures to include units.

Comment: Figure 2-22, p. WP2-50

Are the data sufficient to draw contours as shown (with closure to
northwest and southeast)? Are there data to northwest and southeast
indicating Hanford thicknesses of less than 10 feet?

Comment: Figure 2-23, p. WP2-51

The explanation indicates that the number in parentheses at each well is
the elevation of the top of the casing. Apparently the number is
actuaily the elevation of the top of the Ringold.

Comment: Figure 2-23, p. WP2-51

Are data sufficient to draw contours as shown (with closure to the
northwest and southeast)? Are there data to the northwest and southeast
indicating Ringold elevations of less than 370 feet and Tess than 380
feet,. respectively?

Deficiency: Figure 2-23, p. WP2-51, Figure 2-25, p. WP2-53

These figures should reference the elevation in feet above sea level.
Recommgndation:

Revise these figures.

Comment: Figure 2-24, p. WP2-52

See comment on figure 2-23 regarding contour closures.
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31.

32.

33.

34.

35.

36.

Comment: Figure 2-25, p. WP2-53
See comment on figure 2-23 regarding explanation.
Deficiency: Figure 2-26 and 2-27, pp. WP2-55 and WP2-56

The units of measurement for these figures are.different. This work

- plan should be consistent by 1isting all units in feet, meters, or both.

Recommendation:

Revise the unit on the above mentioned figures to be consistent.
Comment: Figure 2-29, p. WP2-59

The 375 contour includes an erroneous number of 100.

Comment: Section 2.2.6.2.4, p. WP2-61

We do not understand the sentence, "Artificial recharge encroachment of
the vadose zone creating groundwater mounding in the 100-N Area has
reduced the effective vertical thickness of* the Hanford Aquifer."”

Comment: Section 2.2.7.4, p. WP2-65

It is stated that a landslide across the river in the White Bluffs could
block the Columbia River and lead to inundation of the 100-F Area (DOE,
1987). You may alsoc want to reference Schuster, Chleoborad, and Hays
(The White Bluffs landslides, south-central Washington: in Engineering
Geology in Washington, Volume II, Washington Division of Geology and
Earth Resources, Bulletin 78, pp. 911-926, 1987) who studied the White
Bluffs and concluded that "...fear of such a catastrophe is not
realistic.”

Deficiency: Section 2.2.9.4, p. WP2-72
This section is lacking a discussion of the residential scenario.

Future l1and uses of this property could include people living on or
adjacent to this site. WAC 173-740-745 states that:

. {(b) Cleanup Tevels shall not be based on industrial site use unless

the following can be demonstrated.

(ii) The site is currently used for industrial purposes or has a
history of use for industrial purposes.

(iii) Adjacent properties are currently used or designated for use
for industrial purposes.

{iv) The site is expected to be used for industrial purposes for
the foreseeable future due to site zoning, statuary or




37.

38.

39.

regulatory restrictions, comprehensive plans, adaacent 1and
use, and other relevant factors.

The person undertaking the cleanup action must demonstrate that it is

appropriate to use other than residential levels.

Recommendation: -

Revise the text to discuss the potential future land use associated with
a residential scenario.

Comment: Section 2.2.9.5.1, p. WP2-76

This section should mention the City of Richland well field and its
Tocation.

Deficiency: Section 3.1.1.1, p. WP3-9

It is noted that sludge was removed from the 116-F-14 retention basin at
least once during reactor operation and that there is no record of where
the sludge was disposed. The existing sludge in 116-F-14 contained 93
curies of radiation when measured in 1975-76 and that equalled about 72
percent of the total radiation found in the 100-FR-1 Operabie Unit. It
is 1ikely that the sludge previously removed from the 116-F-14 retention
basin was also highly radioactive and constitutes a significant waste
unit. However, we see no task in the work plan directed towards
identifying the lcoation and characterizing the nature of the sludge.

Recommendations

At other 100 Area reactor sites, sludge from retention basins was often
disposed of in trenches located near the retention basins. We recommend
investigating sludge disposal practices at other 100 Area reactor sites,
contacting former 100 Area personnel for anecdotal information, and
conducting surface geophysical surveys in the vicinity of the 116-F-14
retention basin to identify any possible undocumented waste-disposal
tr'egches(.i If the disposal trenches are identified, sampling should be
conducted.

This investigation whould be noted as a 100-FR-1 study task, and the
location and nature of 116-F-14 sludges should be noted in the work plan
as a significant existing data gap.

Comment: Section 3.1.1.1.1., p. WP3-11, Figure 3-2, p. HP3 12, and
Table 3-4, p. WP3-13

Was station "S" near 128-F-2 a “background" station? In table 3-4, "S"
is Tisted with the "Basin Sludge" and "Below Basin Floor" groups.
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49.

41.

42.

43.

a4,

45.

46.

Comment: Figure 3-2, p. WP3-12

The locations of the sample holes depicted in this figure do not
correspond with those in Figure 2.7-8 of Dorian and Richards. Clarify
the discrepancy

Comment: Figure 3-2, p. WP3-12 and Table 3-4, p. WP3-13

The backhoe sample locations Tisted in the table (AN, DS, AS, BN, CN,
and CS) cannot be found in the figure.

Comment: Table 3-4, WP3-13, Table 3-5, p. WP3-14, Table 3-6, p. WP3-
18, Table 3-7, p. WP3-22, and Table 3-10, p. WP3-36 and 37

What does the dot stand for? Non-detects?

Deficiency/Recommendation: Section 3.1.1.1.4, p. WP3-19, first
paragraph

~ The last sentence states, "Portions of the steel pipes have been removed

and stored in the retention basin for later decommissioning activities."
The retention basin no longer exists (Section 3.1.1.1.1). Portions of
the steel pipes are buried at the retention basin site and covered with
backfill material. Hence, the statement is inaccurate and should be
revised. The portions of the steel pipes that were removed should be
shown in Figure 3-4.

Deficiency/Recommendation: Figure 3-4, p. WP3-20

In Section 3.1.1.1.4, Figure 3-4 is referenced for four sample borings
along the above-ground sections of the 42-inch and 60-inch pipes. The
figure does not clearly distinguish the 42-inch pipe from the 60-inch
pipe. The 42-inch and 60-inch pipes should be clearly marked for
identification.

Deficiency/Recommendation: Section 3.1.1.1.5, p. WP3-21

The text in this section is confusing. Figure 3-4 is referenced for
other potential contaminant source areas such as EM bypass ditch, the
basin leak ditch, and effluent springs along the Columbia River bank.
However, Figure 3-4 does not indicate these other sources. The other
sources should be clearly marked in Figure 3-4 to ‘identify them. The
sample location points associated with these sources should also be
clearly indicated on the figure.

Deficiency/Recommendation: Section 3.1.1.1.5, p. WP3-23, second
paragraph :

Samples from effluent springs and retention basin effluent were analyzed

for "gross radiological characterization." The definition of "gross
radiological characterization" should be provided. The anq]ytica1
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47.

48.

49,

50.

51.

52.

method used and the significance of 45-year old data for the current.
extent of contamination should be explained.

Deficiency/Recommendation: Sectjon 3.1.1.2, p. 3-23

The quantity of sludge in the fuel storage basin is noted in paragraph 2
as 23,000 pounds and in paragraph 4 as 110,000 pounds. What is the
correct value? It appears that a units converstion error was made in
paragraph 2.

Comment: Section 3.1.1..3. 3., p. WP3-27
Reference given, "Ruppert 1953" is not in reference list.
Comment: Section 3.1.1.4.2, p. WP3-32

It should be noted in the text that the site was covered to grade in
1952 with clean soil.

Deficiencz[Recdmmendation: Section 3.1.1.4.2, p. WP3-32

High concentrations of radionuclides were detected in the vicinity of
the crib. The ¢rib received highly contaminated water as a result of
fuel cladding failures. Hence, information on the condition of the crib
should be provided to help to determine whether the crib is a potential
continuing source for the release of radionuclides to the environment.

Deficiency/Recommendation: Section 3.1.1.4.3, p. WP3-32, first
paragraph

The text states, "The drain is buried at a depth of 20 feet . . . The
site is presentily marked by a 3-foot diameter, vitreous tile pipe that
extends vertically through the ground surface." It is not clear whether
a vertical drain is buried to a depth of 20 feet from ground surface or
a lateral drain is buried at a depth of 20 feet with a drain extending
vertically through the ground surface. It is also unclear whether the
d:ainfwaé deactivated and backfilled. These statements should be
clarified.

Deficiency: Section 3.1.1.4.3, p. WP3-32, third paragraph

This paragraph does not address clearly the nature and extent of
contamination using the results of analysis presented in Table 3- 9 The
text states that concentrations are less than 0.17 pCi/g for °Co, "2Eu,

Eu, and "7Cs. The sampling Tocations for these concentrations are
not specified. Ranges of higher concentrations are reported for
location B without specifying the radionuclide. Also, the values are
incorrectly regorted At Tocation B, the concentrations vary from 11 to
252 pCi/yg for 2Eu, from 40 to 510 pC1/g for *°Co, and from 17 to 74
pCi/g for ’Cs. Elevated levels of other radionuclides were also
detected at location B.
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53.

54.

55.

56.

Recommendation:

Clear and correct information should be provided from the existing data
to help determine the nature and extent of contam1nat1on for further
investigation.

Deficiency/Recommendation: Section 3.1.1.4.4, p. WP3-33

The Tlocation of the 116-F-3 fuel storage basin trench is not indicated
in Figure 3-6 (sample locations near cribs and trenches) or elsewhere,

In this section, the text states that the site aiso received sludge from
the F reactor fuel 'storage basin. However, there is no mention of the
disposal of sludge from the fuel storage basin in earlier sections
(Sections 2.1.6.1.2 and 3.1.1.2).

Very tTow levels of radionuciides were detected at this site because of
sampling locations and depths. It is not clear whether the samples were
collected in the vicinity of the inlet end of the trench to the basin.
The trench depth was- originally 8 feet and was later backfilled.
Sampling below the backfill between 8 feet and 15 feet from the ground
surface might have detected radionuclides. These data gaps should be -
addressed in this section.

Deficiency/Recommendation: Section 3.1.1.4.5, p. WP3-33

Results of analysis for one sample are incorrectly reported. The text
states, "The sample collected from this bor1ng indicated rad1onuc11de
concentrations of 0.027 to 0.54 pCi/g for “°Sr, 7Cs, "*Eu, and ! SEu at
a depth of 10 feet." Table 3-9 indicates that radionuclide
concentrat1ons are 0.027 pCi/g, 0.54 pCi/g, 0.04 pCi/g, and 0.16 pCi/g

for Sr, ®*Eu, Cs, and °Eu respectively.

It appears that a representative sample was not coilected from the crib.
A sample collected from below 10 feet from ground surface might have
shown elevated levels of radionuclides. This data gap should be
addressed.

Comment: Section 3.1.1.4.6, p. WP3-33

Other sources {i.e., Hanford Site Waste Management Units Report - Volume
I, USDOE 1991) indicate that this structure is a french drain that was
filled with gravel and covered with clean soil. The structure is marked
by a vent pipe. This discrepancy should be addressed.

It appears from Figure 3-6 that the sample (105-F-A) was collected at a
distance of approximately 100 feet from the source (116-F-11, cushion
corridor french drain). The sample is not representative for the
source, which has a diameter of 3 feet and is 3 feet deep. This data
gap is not addressed.
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57.

58.

59.

60.

61.

62.

Recommendation:

The previous sampling location should be critically reviewed for
representative sampling, and the data gap should be identified for
further investigation.

Deficiency/Recommendation: Section 3.1.1.4.9, p. WP3-34

The Tocation of 116-F-13 (experimental garden french drain) should be
shown on Figure 3-6.

Deficiency: Section 3.1.1.5, p. WP3-34, second paragraph

The method of liquid waste disposal or discharge (e.g., through
underground pipelines or drainage ditches) to the 116-F-1 Lewis canal
grom @EedF reactor building, 190-F building, and 189-F building is not
escribed.

Recommendation: )

The Lewis canal has received liquid wastes from three different
buildings. Disposal of Tiquid waste to the canal should be described to
help determine whether the Tiquid waste transfer pipes are potential
sources of contamination.

Comment: Figure 3-7, p. WP3-35 and Section 3.1.1.5, b. WP3-34, third
paragraph

The sample locations-in the figure do not correspond to those in figure
3.4-5 in Dorian and Richards, nor do they correspond to the text.
Correct the discrepancy.

Deficiency/Recommendation: Section 3.1.1.6, p. WP3-38

The section number is incorrectly reported and should be changed. The
location of the unplanned release area (UN-100-F-1) should be indicated
on a figure. The text should provide information on the removal of
contaminated soil after the incident and any seil samp11ng performed, if
appropriate.

Comment: Section 3.1.1.6.6, p. WP3-39

Reference given, "Encke 1989" is not in reference 1ist.

Deficiency: Section 3.1.1.8, p. WP3-40

There is no map to locate the sources within the 100-FR-2 Operable Unit.

Recommendation:

A map should be included indicating the location of various solid waste
burial areas within the 100-FR-2 Operable Unit with respect to the 100-
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63.

64.

65.

66.

67.

68,

o
5

FR-1 Operable Unit in order to help determine whether thé solid waste
burial areas represent a potential contaminant source that may also
adversely affect the 100-FR-1 Operable Unit.

Deficiency: Section 3.1.2.1, p. WP3-43

In this section and elsewhere (FSP-9+10), it is noted that sampling will
be conducted to develop a 100-FR-1 background soil quality database. It
is our understanding that a Hanford Site soil background database is
already being developed for use on all Hanford CERCLA investigations.

We also question expanding the background database to include organic
chemicals. It is our understanding (with.the possible exception of
PCBs) that all hazardous organic chemicals found in Hanford soils are
assumed to result from Hanford Site activities and are not cons1dered
part of natural background.

Recommendation:

Note the existence of the Hanford Site background program and coordinate
all 100-FR-1 specific backaround soil sampling with the site-wide
program to assure compatab111ty and avoid redundancy. Also, either
delete refarences to organic chemicals to be included in the soil
background database or justify their inclusion.

Comment: Section 3.1.2.1, p. WP3-46

The use of Hanford Site-wide data to construct groundwater water quality
background may be misleading. The proximity of the 100-F Area to the

* Columbia River and the assumed mixing of river water and groundwater in

at least some of the 100-F Area indicate that background for the 100-F
Area will probably not equal background for the entire site.

Comment: Section 3.1.3.1, p. WP3-49

It is stated that pesticides, herbicides, and semivolatile organics have
not been detected in 100-F Area wells. How many wells have been tested
(and how many analyses done)? Provide sampling results verifying that
these contaminants were analyzed for, but not detected.

Comment: Section 3.1.3.2.2, p. WP3-49

It is stated that tritium concentrations in 199-F5-6 appear to increase
from 1976-80. There is no pattern of increase; only a one-time spike in
1980.

Comment: Figure 3-9, p. WP3-73

A1l of the 199-F5 wells are mislabeled as 199-FS welis.

Comment: Table 3-14C, p. WP3-82

Are there no data for well 699-77-36 for Sr-90 thru ZIn?
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69. Comment: Figure 3-10, p. WP3-83, and Section 3.1.3.2.2, p. WP3-49 , ﬁ}%’

It is stated that tritium peaked in well 199-F8-1 at approximately
30,000 pCi/L in 1985. The graph indicates a value closer to 40,000.

70. ment: Figure 3-10, p. WP3-83

Wells 199 F5-1 and 199-F7-1 appear to have long-term tritium records,
why not graph these?

71. Comment: Figure 3-11, p. WP3-84 and Table 2-2, p. WP2-33

Well 699-71-30 is included in figure 3-11, but no information is given
in table 2-2.

72. Comment: Section 3.1.3.2.2, p. WP3-85

The statement that nitrate concentrations have shown an increase which
peaked in the mid to Tate 1980s is not substantiated by figures 3-12, -
13, and -14. Only well 199-F8-1 shows such a pattern.

73. Comment: Section 3.1.2.1.1, p. WP3-85

The nitrate plume shown in Eddy and Wilbur (1980) appears to be
different than pTumes shown for earlier and later years primarily due to
a change in the contouring interval used. Otherwise, this plume is
essentially the same as the others. . :

74, Comment: Section 3.1.3.2.2, p. WP3-85
Reference given, Eddy and Wilbur (1980 is not in the reference list.
75. Comment: Section 3.1.3.2.2, p. WP3-85

The comment that data from off-site" wells indicate declining nitrate
concentrations is not accurate. The only two "off-site" wells shown
(figure 3-14) indicate increasing nitrate in one well (699-71-30) and
decreasing nitrate in the other well (699-77-36). The only other nearby
"off-site” wells with water-quality data that we can find are the
cluster well (699-80-43P, -Q, -R, -S) and well 699-84-35AC, and these
wells show no obvious nitrate trends. .

76. mment: Section 3.1.3.2.3, p WP3-85, Figure 3-5, p. WP3- 89 and
Figure 3-16, p. WP3-90

The statement that gross beta concentrations are steadily declining in-
all wells may not be accurate. For most of the wells shown in figures
3-15 and 3-16, there are no data for the period of the late 1960s or
mid-1970s to 1987. The trends over these periods are unknown. Recent
data (1987-89) show a mixture of trends in the wells in adjacent to the
100-F Area.
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77.

78,

79.

80.

81.

. 82.

Deficjency: Section 3.1.3.2.4, p. WP3-85

Table 3-14C Tists strontium-90 at a maximum 297 pCi/L with a mean of 190
pCi/L in well 199-F5-3.

Recommendation:
Revise the text to correct this deficiency.
Comment: Figure 3-12, p. WP3-86

Wells 199-F5-1 and 199-F7-1 appear to have long-term nitrate recoeds;
why not graph these?

Comment: Figure 3-12, p. WP3-86 and Figure 3-13, p. WP3-87

The captions on these'figures are reversed. Also, no units are shown
for figure 3-13. -

Deficiency: Section 3.1.7.1, p. WP3-110

The 126-F-1 ash disposal pit is listed as a primary source of

_ groundwater contamination, yet it is not identified in Figure 3-1 (p.

WP3-8) as a source. Also, Section 3.1.1.8.8 (p. WP3-42) states that
analysis of the ash from this pit using the extraction procedure
toxicity (EP-tox) test did not indicate the ash as a hazardous waste.
The1ratigna1e for including the ash pit as a primary source should be
explained.

The 116-F-3 storage basin trench is identified in the text (last
paragraph) as the primary source of tritium contamination, yet this
basin is not included in the bulleted 1ist of primary sources in the
earlier portions of this section.

Recommendation:

Provide a rationale for including the 126-F-1 ash disposal pit as a
primary source even though the EP-tox test was negative. If the pit is
a major source, it should be included in Figure 3-1. Reorganize Section
3.1.7.1 to include the 116-F-3 storage basin trench in the buileted 1ist
of primary sources.

Comment: Section 3.1.7.2, p. WP3-112, first paragraph, Tast sentence
Delete parentheses and comma in paragraph.

Comment: Section 3.1.7.2, p. WP3-112, second paragraph, first sentence

This sentence is incomplete.
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83.

84.

85.

86.

87.

88.

Comment: Section 3.1.7.3.1, p. WP3-114

The statement that groundwater flow is eastward and northeastward may be
in error. Very few water-level data exist, but the best data set we
could find (weils 199-F5-1, 699-70-23, 699-71-30, 699-77-36, 699-81-38,
and 699-86-42; for December 6,7,8, 1988) indicate an eastward to
southeastward flow direction. The available tritium data may support
the north/northeast interpretation, however, the available nitrate data
seem to support the east/southeast interpretation.

Comment: Section 3.1.7.3.1, p. WP3-114

It is stated that evidence exists for upward flow from the basalt (based
on wells in 100-H Area). An additional set of wells (699-80-43P, -Q, -
R, -8) may also yield evidence of upward flow. Are there any recent
water-level data for this set of wells?

Comment: Section 3.2.1.2, p. WP3-122

The Model Toxics Control Act (WAC 173-340) should be tisted in the State
of Washington Requirements Section.

Deficiency: Section 3.3.2, p. WP3-136, first paragraph

The text indicates that risk calculations were performed according to
EPA headquarters risk assessment guidance. However, example
calculations are not provided.

Recommendation:

Example calculations should be provided for the risk estimates given in
this section, including one calculation for a carcinogen and one
calculation for a noncarcinogen via a specific pathway.

Deficiency: Section 3.3.4, WP3-136

Background risk is not a useful or apropriate concept to introduce under
the heading of risk quantification.

The uvilization of background risk in this section is misleading. It
incorrectly implies that excess risks are not additive. It incorrectly
implies that background risk is a threshold.

Recommendation:

Eliminate all reference to background risk from Section 3.3.4.
Deficiency/Recommendation: Section 3.3.4, p. WP3-136, first paragraph
The word "pagebreak" should be deleted. It appears to have been
overlooked during editing.
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89.

90.

91.

92.

93.

94.

Deficiency: Table 3-30, p. WP3-137

' The exposure assumptions should address the most conservative scenario. .

For example a 16 kg. child may live on the site in a future residential
scenario for a duration of exposure equal to 6 years. That child could
potentially ingest.200 mg/day of soil per day. :

Recommendation:

Revise the risk assessment to address the exposures listed above.
Comment: Table 3-31, p. WP3-138

The heading "Date" should be better defined.

Comment: Table 3-31, p. WP3-138

It is unclear why odor and task threshold are listed as the critical
effects for ammonia.

Deficiency: Section 3.3.5, p. WP3-144

The discussion does not identify data needs brought to 1ight by the
preliminary risk assessment exercise., Identification of data needs
would help in fashioning the investigation.

Recommendation:

The preliminary risk assessment exercise should identify data needs.

Deficiency: Section 3.4, p. WP3-148

The environmental assessment identifies a single study on the subject.
With the brevity of discussion, this indicates a drastic need for a
great deal of additional information before an environmental assessment
can be completed. Yet, no specific needs are identified. Information
is needed to explain past, present, and potential future effects on the
environment. The singular conclusion that concenirations of
radionuclides have been decreasing since 1971 is not an environmental
assessment.

Recommendation:

Elaborate on past, present,'and potential future environmental effects
of past-practices. Identify data needed to make such an environmental
assessment.

Deficiency: Section 3.5.1, p. WP3-149, third bullet

The point of compliance for groundwater contamination is the upper most
level of the saturated zone extending vertically to the Towest depth
that could potentially be effected by the site (WAC 173-340-720(6)(b).
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" 95,

96.

97.

98.

Recommendation:

Revise this objective to address the statement above.
Deficiency: Section 3.5.2, p. WP3-150

The text cites 40 CFR 300.68(f)(1)(V) in reference to the requirement of
including the no-action alternative in the final 1ist of proposed
remedial alternatives. This reference is to the previous version of the
National Contingency Plan (NCP), which has been superseded.

Recommendations

While the requirement for the no-action alternative is unchanged in the

new version of the NCP, there are several other important changes to the
remedy selection process that should be incorporated in this work plan.

The changes are found in 40 CFR 300.430(e){3)-(6).

Deficiency: Section 3.5.3, Figure 3-21, p. WP3-152

This figure does not clearly indicate the preliminary general response
actions, technologies, and process options available for soil,
sediments, and groundwater. For example, the remedial technology
"capping" is listed under the general response action of "disposal.”
Capping is not a disposal method; rather, it is a containment method.

Recommendation:

A separate figure for each medium should be included to indicate clearly
the available preliminary general response actions, technologies, and
process options, to help evaluate the appropriate technologies and
process options for each medium. For example, coagulation/flocculation
is not applicable for soil but is applicable for groundwater. Another
example is vitrification, which is not applicable for groundwater but is
applicable for soil.

Comment: Section_4.1.1, p. WP4-2, first paragraph, first sentence

The PNL facilities in F Area operated until 1976, therefore, the area
has been inactive for 14 years. -

Comment: Sectjon 4.1.1.3, p. WP4-3

The threat from buried solid waste is dependent on the depth of burial.
If the wastes are buried close to the water table or capillary fringe
there could be a change of contaminant migration from seasonal highs in
the water level. If the wastes are buried near surface, there is the
pgssibi}ity of direct contact by flora and fauna or of wast migration to
the surface.
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100.

101.

102.

103.

104,

105.

Comment: Section 4.1.2.2, p. WP4-6, second bullet ’

It is apparent from the drilling logs that the water table is around 30
geet. The shallow and deep vadose zone definitions should reflect the
ata.

Deficiency/Recommendation: Section 4.2.2, p. WP4-10

The text states, "New data will be collected to fill the daté Qaps
identified above in Section 4.1.3." Section 4.1.3 does not exist. This
discrepancy should be resolved. -

Deficiency: Section 4.2.8, Table 4-3, WP4-17

One of the data types Tisted for collection is "Integrity of waste
containment structures." Section 4.2.3, p. WP4-11 states, "There are no
known containment devices that might fail and release substantial
contamination to the environment." These iwo statements appear
inconsistent.

Recommendation:

Specify which waste containment structures will have integrity testing
and explain the rationale.

Comment: Section 4.2.12? p. WP4-26

Westinghouse, DOE, EPA, and Eco1bgy are currently negotiating the
development of an EII (EII 4.3) dealing specifically with investigation
derived waste. It may be appropriate to note this in the text.

Comment: Section 5.1.4.6, p. WP5-17, second paragraph

It should be noted that samples will also be sent in for lab analysis
independent of field screening results. Field screening techniques are
not currently accurate enough to be used as exclusive criteria in
determining contaminants, nor are they inclusive of all constituents of
concern.

Deficiency: Section 5.1.5.2, p. WP5-18, last paragraph

The total number of samples sent off-site will depend on QA/QC
requirements.

Recommendation:

Revise the text to include the QA/QC requirement.
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106.

107.

108.

109.

110.

*

Comment: Section 5.1.6, p. WP5-20, second paragraph

The PNL Facilities operated until 1976. It is unclear from the text to
ghere cgntaminated water that had been discharged to the outfall was
iverted.

Comment: Section 5.1.6, p. WP5-20

Information should be added regarding the most recent shoreline seepage
study (Dirkes, 1990). Dirkes attempted to resample the 100-F seeps of
McCormack and Carlile in 1988, but could not locate any seepage.

Deficiency: Section 5.1.11.2, p. WP5-29

The work plan is unclear as to how vadose zone physical characteristics
will be used to evaluate contaminant migration. Section 5.1.11.2
generally describes how emphasis will be placed on defining partition
coefficients for contaminants of concern between solid and liquid media
at the site. Yet no mention is made as to how the processes controlling
movement of the liquid media will be evaluated, nor does the work plan
describe whether the RI will provide the necessary data to evaluate
these processas. |

Recommendation:

Describe what methods will be used to evaluate contaminant migration in
the vadose zone. Specifically note analytical models to be used,
describe their data requirements, and document that the appropriate data
are being collected in the 100-FR-1 RI.

Deficiency: Section 5.1.11.3, p. WP5-30

Chemical, physical, and lethologic data are noted to be used as input
into physical and chemical models. However, the specific models to be
used are not described in the work plan. In designing a data collection
program for use as input to mathematical models, it is important to
evaluate the model to be sure that the appropriate input data are
collected. It should also be noted that specific models have been
sefected for use in Hanford CERCLA investigations.

Recommendation:

Specifically describe the models proprosed for use for 100-FR-1
groundwater data evaluation. Describe the data needs of the models and
d?cument that the appropriate data are being collected in the 100-FR-1
RI.

Deficiency: Section 5.1.12, p. WP5-31, first paragraph

The text states, "The baseline risk assessment will follow the guidance

provided by EPA (1986a,b; . . .)." The 1986b reference is incorrect.
In the reference 1ist on p. WP8-11, the 1986b reference is numbered
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111.

112.

113.

"EPA/540/1-86/001" and entitled "Superfund Public Health Evaluation
Manual." However, the correct title associated with EPA/540/1-86/001 is

~ "Health Effects Assessment for Hexachloropentadiene.”

Recommendation:

The references should be checked. The appropriate corrections in the
text and in the reference 1ist should be made. The overall approach to
risk assessment should follow EPA {1989).

Deficiency: Section 5.1.12.2, p. WP5-32, third paragraph

The text discusses the identification and characterization of "maximally
exposed individuals for a worst-case scenario." However, the current
EPA position requires evaluation of a reasonable maximum exposure
scenario rather than a worst-case scenario (EPA 1989, 1990a). The EPA
believes that the reasonable maximum exposure scenario provides a more
realistic assessment of risk.

Recommendation:

The words "worst-case" shouid be replaced with "reasonable maximum
exposure.”™ The baseline risk assessment should use reasonable exposure
assumptions rather than worst-case assumptions.

Deficiency: Figure 5-1, p. WP5-33

The toxicity assessment box is incorrect. Although characterization of
toxicity is appropriate in the toxicity assessment, identification of
acceptable exposure Jevels is not part of toxicity assessment but is
part of risk characterization.

Recommendation:

The words "Identify Acceptable Exposure Levels" should be removed from
the toxicity assessment box.

Deficiency: Section 5.1.12.3, p. WP5-34, first paragraph

The text states, "The output of the toxicity assessment will be a
qualitative description of the toxic properties of each contaminant and
a gquantitative index of each contaminant’s acceptable exposure Tevel."
This objective is incorrect. Determination of acceptable levels is part
of risk characterization, not part of the toxicity assessment. However,
it is appropriate to present quantitative critical toxicity values, such
as reference doses and stope factors, in the toxicity assessment.

Recommendation:

The words "acceptable exposure level" should be replaced with "critical
toxicity values."
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115.

116.

117.

118.

119.

/

Deficiency/Recommendation: Section 5.1.12.3, p. HP5-34, third paragraph -

The evaluation of ARARs is not part of the toxicity assessmeni or the
baseline risk assessment. ARARs are used by risk managers during the
;eajigiligy study for decision-making purposes. This paragraph should
e deieted.

Deficiency/Recommendation: Section 5.1.12.3, p. WP5-34, fourth
paragraph

The text discusses determination of acceptable Tevels for contaminants.
Determination of acceptable levels is part of risk characterization, not
toxicity assessment. The discussion of acceptable Tevels should be
removed.

Deficiency: Section 5.1.12.4, p. WP5-35, second paragraph

The Model Toxics Control Act {MTCA) sets the goal for exposure to
carcinogens within the State of Washington at 10-5 to 10-6. This ARAR
is more stringent than the Federal requirement and must be adhered to.

Recommendation:

?evise the goal of the risk characterization to be consistent with state
aw.

Comment: Section 5.4.3.8, p. WP5-50

State acceptance will he an integral part of selecting remedial action
on this site. As the supporting agency, the State of Washington will be
involved in all aspects of this site. This will alse include formal
concurrence of the Record of Decision by the director.

Deficiency: Attachment 1, Section 1.2, p. SAP-1, first paragraph

The reference to materials that have neither been approved by the
regulators, nor included in the administrative record should be deleted.
A1l field procedures must be contained in this sampling-and analysis
plan or the approved Environmental Investigations and Site

Characterizatjon Manual {WHC-CM-7-7).
Deficiency: Attachment 1, Section 1.0, p. FSP-2, first paragraph

See comment on SAP-1 above.
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FIELD SAMPLING PLAN

120.

121.

122.

123

Deficiency: Section 2.1, p. FSP-5

The subtask entitled "compilation and review of source data" belongs in
the scoping portion of the work plan as an aid to focusing the sampiing
approach. Similar compilation and review tasks are proposed in sections
3.1 (source investigation), 4.1 (vadose zone investigation), 7.1 (air
investigation), 8.1 (ecological investigation)}, and 9.1 (cultural
resource investigation). These need not be separate tasks. Presumably,
investigators will not review the records separately for each
investigation. :

Recommendation:

Ciearly state in this section that based on the results of further
compilation and review of existing information, sampling and analysis
tasks may change. Also, combine all the tasks for compilation and
review into a single task.

Deficiency/Recommendation: Section 2.3, p. FSP-6

It is not clear whether the entire area of the operable unit will be
included in the surface radiation .survey, or whether the 26 subunits
identified as sources (Section 5.1, work plan) will be surveyed. Grid
spacings that will be used for the surface radiation survey should be
specified. Background plets should also be included.

Defijciency/Recommendation: Section 3.0, p. FSP-9, first paragraph

Source characterization sampling for the subunits that received high
Tevel radionuclide wastes is proposed at the margin or outside of the
boundaries of these subunits to establish contaminants of concern and
their concentrations. The proposed sampling approach should provide
adequate data to determine the magnitude of contamination for remedy
selection. Therefore, the subunits that received high level
radionuclide wastes should be directly sampled.

Deficiency: Section 3.2, p. FSP-9 and FSP-10

The second and third paragraphs address subsoil sampling in the vadose
zone from borings driilled for the installation of upgradient groundwater
monitoring wells. It is unclear whether surface soil sampies will be
collected at the proposed sites. Also, only two boreholes are proposed
for background sampling. It is virtually impossible to obtain
meaningful data on soils from only two data points. The Washington
Model Toxics Control Act states that 20 site-specific (area)} background
soil samples should be collected for this purpose {WAC173-340-
708(11)(d}). Also, it is unciear how the collection of background soil
data for the 100-FR-1 Operable Unit interfaces with the ongoing Hanford
background studies.
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124.

125.

126.

Recommendation: '
Increase the number of samples and discuss the role of background soil

sampling at the 100-FR-1 Operablie Unit in the Hanford background
studies.

Deficiency: Section 3.3, p. FSP-10

The text states: “All samples will be screened in the field using both

“hand-held and mobile laboratory screening techniques." A description of

or reference to the types of screening techniques is not included.

Numerous work pians have been initiated for other operable units at the
Hanford site. Many of those operable units (especially others in the
100-area) have many of the same contaminants of concern in similar
media. Therefore, a correlation between field screening and CLP
Taboratory results may have already been established and need not be
prepared.

Recommendation:

Specify the type of field screening techniques proposed. Also,
interface with the other 100-area investigations for the correlation
between field and CLP data.

Comment: Table FSP-1, p. FSP-11

Why are no borehcles planned for 116-F-2? This site is 1isted on page
WP5-2 as one of the 26 subunits identified as sources. Accerding to
table 3-3 on page WP3-10, 116-F-2 has the second highest radiation
inventory (15 curies) of the subunits Tisted.

Deficiency: Figure FSP-1, p. FSP-18

The rationale for the sampling Tocations and sampling depths is not
provided.

Recommendation: -

The text should contain additional *information on new source locations
and proposed sampling depth and locations. The figure should also
indicate the previous sampling locations to determine whether the
proposed sampling locations are representative. The trench was
originally 10 feet deep and backfilled with soil. However, no
information is provided on the depth of the backfill material. Hence,
the proposed sampling at depths of 8.5 feet and 11 feet may fail to
detect the contaminants. Therefore, sample depths should be selected on
the basis of previous investigations, backfill information, the type of
effluent received, and the amount of effluent discharged.
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127.

128.

129.

130.

Deficiency: Figure FSP-2, p. FSP-19

The length of the fuel storage basin trench is reported as 300 feet.
However, in Section 3.1.1.4.4 (work plan), the length of the trench is
reported as approximately 100 feet. This discrepancy should be
corrected. The rationale for sample location, sample depth, and the
number of samples is not provided. The proposed sampling of the
backfill may fail to detect hot spots. .

Recommendation:

Previous samples were collected at a depth of 18-20 feet, too deep to
adequately characterize the source. Samples should be taken at three
depths, close to the backfill.

Deficiency: Figure FSP-3, p. FSP-20

Sampling is proposed in the vicinity of the 116-F-4 pluto crib. No
sampling of surface and near-surface soil is proposed.

Recommendation:

The rationale should be provided for the selection of sampling
locations, sampling depths, and the number of samples. The crib should
be directly sampled. Surface and near-surface samples should also be
coliected since it is possible that the crib may have been filled to
capacity and these data may be critical for quantifying baseline risks.

Deficiency: Figure FSP-4, p. FSP-21

Construction information for the 116-F-5 ball washer crib are not
provided. This information is needed to evaluate the sampiing approach.
The rationale for the sampling depths is not discussed.

Recommendation:

Additional samples should be collected at the surface, near-surface, and
below the bottom of the crib to characterize the source.

Deficiency: Figure FSP-5, p. FSP-22

The rationale for the sampling locations, depths, and the number of
samples is not provided for the 116-F-6 liquid waste disposal trench.
Previous sampling efforts detected high levels of radionuclides at
depths greater than those proposed (Tabie 3-9, work plan). Therefore,
the proposed sampling approach may fail to determine the extent of
contamination.
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131.

132.

133.

Recommendation:

The rationale should be provided for the sampling approaéh at the 116-
F-6 trench. The sampling depth at the proposed locations should be
igcreasedhto 20 feet, with at least 5-foot intervals below the bottom of
the trench.

Deficiency: Figure FSP-6, p. FSP-23

There are inconsistencies in the crib name and depth. In Section
3.1.1.4.6 (work plan), the crib is named as seal pin water crib and the
crib depth is shown as 10 feet. The rationale for the sampling depth is
not provided. In addition, construction details of the 116-F-7 crib are
not provided in the work plan.

Recommendation:

The discrepancies between the field sampling pian and the work plan
should be clarified. Additional samples should be considered at the
surface and near surface.

Deficiency: Figure FSP-7, p. FSP-24

It is unclear whether the 116-F-8 spillway and outfall structures are
the same (Section 3.1.1.1.3, work plan). It is also unclear whether the
proposed sampling approach is for the spillway or for the ocutfall
structure.

Recommendation:

Clarification of the sampling approach should be provided. Additional
information should be included on the rationale for the proposed
sampling Tocations and sampling depths, and the current status of the
spiliway and outfall structures. Near-surface sampling from borehole
BH20 should be considered.

Deficiency: Figure FSP-10, p. FSP-27

The rationale for the sampling location, sampling depth, and the number
of samples is not provided. for the 116-F-10 dummy decontamination french
drain. It is not clear whether the proposed sampling Tocation (BH27) is
downgragient of the source. No surface or near-surface sampling is
proposed.

Recommendation:

The proposed sampling location should be justified. The location should
be downgradient and close to the source. Surface -and near-surface
samples should be considered.

28




™

Ll

134.

135.

136.

137.

138.

]
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Comment: FigureiFSP-lO, p. FSP-27

: [ ]
Is the 116-F-10 french drain too hot to drill through? If not, the
planned borehole should be moved to the center of the drain.

Deficieﬁcz: Figures FSP-11, FSP-12, and FSP-13, pp. FSP-28, 29, and 30
No information is provided on the backfill materials for the drains 116-

F-11, 116-F-12, and 116-F-13. Sampling of the backfill materials is not
proposed.

Recommendation:

Since there is a potential for contamination of backfill materiais,
samples should be collected from the backfill materials.

Deficiency/Recommendation: Figure FSP-17, p. FSP-34

This figure is identical to Figure FSP-15 and should be omitted.
Deficiency: Section 3.3, p. FSP-35, second paragraph

The text states, "Samples will also be collected from the Tand portions
of the discharge pipelines and structures to the Columbia River."
Sampling locations, sampiing intervals, and the number of samples are
not specified. It is not clear whether soil samplies will also be
collected in the vicinity of the discharge pipelines.

Recommendation:

The sampling plan should include the method of sampling from the
interior of the pipes, sampling locations, and the number of samples.

If soil sampling is planned in the vicinity of the pipelines, then a map
should be provided indicating the sampling locations, sampling depths,
and numbey of samples.

Deficiency: Section 3.3, p. FSP-35, third paragraph

Surface soil sampling for polychlorinated biphenyls (PCBs) is proposed
for the 151-F substation ". . . from areas with visible soil
contamination." A past spill may not be visible from the surface. A
map or reference to a map showing the location of the 151-F substation
is not included in the text. It is unclear why PCBs are not included in
the analytes listed in Table FSP-1.

Recommendation:

Cite Figure 2-1 in this section of the work plan, for the location of
the 151-F substation. Provide the rationale for not analyzing for PCBs
at other suspected sources.
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139.

140.

14].

142.

Recommendation: Section 3.4, p. FSP-35

Migration of contaminants from the soil to groundwater is shown as a
potential primary exposure pathway in figure 3-19. We must, therefore,
be able to quantify the potential migration of contaminants in the soi}l
column to groundwater, and this calculation will require knowledge of
the soil physical and hydraulic characteristics. We suggest that soil
physical and hydraulic characteristics be measured in sampies taken from
the source-sampling boreholes. The physical characteristics to be
measured should include those listed in table FSP-3, as well as the
relationships between moisture content and matric potential and moisture
content and unsaturated hydraulic conductivity. These measurements
should be made on soils taken from directly below the waste management
units because the infiltration of large volumes of waste may have
altered the physical and hydraulic properties of the soils in which the
majority of residual contamination is found.

Deficiency: Section 3.4, p. FSP-35

The tast sentence states: "U.S. EPA CLP Level 1 and Level 2 methods
will be employed for mobile onsite laboratory analyses."™ However,
Section 4.2.8 of the work plan {p. WP4-12), states that the EPA
classification of analytical Tevels is not well suited for remedial
investigations at the Hanford site. These statements are inconsistent.

Recommendation:

The EPA terms and definitions for levels of analytical methods should be
used consistently throughout the work plan.

Deficiency: Attachment 1, Section 4.2, p. FSP-38, third paragraph

The text does not specify who will make the decision to increase or
decrease the sampling frequency?

Recommendation:

Revise this paragraph to expand the discussion of changing the sampling
fyrequency.

Deficiency: Figure FSP-18, p. FSP-48

The figure does not agree with Figures 3-7 and FSP-1. Previous sampling
locations are not shown. No sampling is proposed aleng the curved
portion of the canal. Even though previous sampling efforts indicate
high levels of radionuclides at 3 feet from ground surface, no sampling
plan of surface and near-surface soil is proposed.
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143.

144,

145,

146.

Recommendation: -

A consistent figure should be used for both source and vadose zone
characterijzation at the 116-F-1 Lewis canal. The rationale for the
sampiing Tocations and depths should be provided, including the lack of
surface soils.

Deficiency: Figure FSP-19, p. FSP-49

The fuel storage basin trench may have exceeded full capacity during a
fuel cladding failure. This may have resulted in lateral movement of
contaminants resulting in contamination of surface and near-surface
soils in addition to subsurface soils. Surface and near-surface
sampling is not proposed.

Recommendation:

Surface and near-surface soil samples should bé collected since surface
soils may be a potential exposure route. These data may be critical for
quantifying baseline risks.

Deficiency: Figure FSP-20, p. FSP-50

The rationale for the borehole location is not provided. No sampling is
proposed for surface and near-surface soils.

Recommendation:

Since the crib is small, contamination of surface and near-surface soils
is likely. Hence, surface and near-surface soil samples should be
collected.

Deficiency: Figure FSP-23, p. FSP-53

The crib depth is shown as 10 feet, while in Figure FSP-6 the crib depth
is shown as 20 feet. Surface and near-surface sampling is not proposed.

Recommendation:

The crib depth should be corrected. Surface and near-surface soil
samples should be collected to determine whether surface soils are also
a potential exposure route.

Deficiency: Figures FSP-24 and FSP-25, pp. FSP-54 and FSP-55

The rationale for the proposed number of boreholes on one side of the
spillway and PNL outfall structure and is not provided.
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147,

148,

149.

150.

151.

Recommendation:

Additional boreholes on the other side of the spitlway and PNL outfatl
structure should be included in order to determine whether the
gontﬁminants have migrated. Sampling depths should be given for all
oreholes.

Degiciencx: Figures FSP-27, -28, -29, and -30, pp. FSP-57, -58, -58,
and -60 .

The rationale for the sampling intervals is not provided.

Recommendation:

The proposed sampling depth intervals may fail to detect contamination.
Sampling at an interval of 5 feet from the ground surface to the
proposed depth at each drain should be considered.

Comment: Section 4.2, p. FSP-68, Number 5

Subcoring or parring samples to get a “"fresh" sample for volatile
organics is recommended,

Comment: Section 4.4, p. FS5P-70

Stainless steel screens and casing are also used at Hanford. It should
be explained how this would affect geophysical logging.

Deficiency: Attachment 1, Section 4.3, p. FSP-70, first paragraph

See comment on page SAP-1 above.

Deficiency: Section 4.5, p. FSP-72

In paragraph 2, it is noted that ground penetrating radar (GPR) is
expected to provide poor results due to the coarse-grained nature of the
Hanford formation. We disagree with this assumption. GPR has been
shown to be generally successful in applications within Hanford
formation sediments. The 300-FF-1 operable unit has similar Hanford
formation soils with a large number of cobbles, and GPR has been
successfully used to locate burial grounds and pipelines (Sandness,
G.A., March 1991, Report on Geophysical Surveys in the 300-FF-1 Operable
Unit: EMO-1032, 27 pages).

Recommendation:

We recommend that GPR be considered for use in 100-FR-1 for confirming
the Tocation of pipelines and for identifying the boundaries of burial
grounds, etc. If there is documentation of unsuccessful of GPR in
Hanford formation sediments, please provide us with a copy.
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152.

163.

154,

155.

Deficiency: Section 4.6, p. FSP-73 and Table FSP-4

The text in Section 4.6 notes several reduction/oxidation pairs in table
FSP-4. We find only one redox pair--ferric iron and ferrous iron--as
well as dissolved oxygen. We question the need for measuring redox
pairs in the vadose zone of the Hanford formation (a well drained soil
with 1ittie known organic content or contamination), and we also
question how dissolved oxygen of soil samples will be measured.

Recommendation:

We recommend re-evaluating table FSP-4 and clarifying Section 4.6. A
few redox pairs may be useful at selected sites, but we question their
measurement in all vadosé sampies. We also suggest that rather than
proposing dissolved oxygen as an analyte, analyses for total organic
carbon would provide more useful information.

Deficiepcy: Section 5.2, p. FSP-75

Nine single monitoring wells and four well clusters are described.
However, it is not clear how (or if) the existing wells will be used.

Recommendation:

The existing wells should be examined for suitability as monitoring
wells (including their usability after some form of
rehabilitation/modification). If F2-2 or F2-3 are usabie as monitoring
wells (as is or after rehabilitation), then MW-3 may not be needed.

Comment: Figure FSP-37, p. FSP-76

The placement of cluster wells is reasonable for the assumed northeast
flow direction. However, if flow is to the southeast {see comment on
Section 3.1.7.3.1, p. WP3-14), a cluster will be needed near the
southeast corner of the 100-F Area (i.e., southeast of MW-6/MW-8).

Comment: Figure FSP-37, p. FSP-76 and Figures FSP-39 thru 42, p. FSP-
80 thru 83 -

The ma[p indicates "cluster wells" C-1, C-2, C-3, and C-4. The well
completion diagrams do not match the map:

1. Clusters C-1 and C-2 appear to be the "Northwest" and "Southwest"
corner clusters.

2. There is no "Southeast" corner cluster on the map. Is this C-4?

3. There is no C-3 cluster diagram.
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156.

157.

158.

159.

160.

161.

Comment: Attachment 1, Section 5.2, p. FSP-77

Th? detailed lab analysis must also include 10-20% of the samples for
QA/qQC.

The reason for the larger size casing is to allow for aquifer.testing
with subpumps, etc, If aquifer testing is not done the larger size
casing may not be necessary. One advantage of the larger size casing is
reduction in size if large cobbles are encountered.

Deficiency: Section 5.2, p. FSP-77

The stated minimum frequency of sampling (every 10 feet of .borehole} is
not sufficient.

Recommendatijon:
Minimum frequency should be every 5 feet.
Deficiency: Section 5.2, p. FSP-79

It is stated that all new boreholes and all existing wells will be
logged (natural-gamma, gamma-gamma, neutron-neutron). It has been
determined that gamma-gamma and neutron-neutron logs are not usable in
the standard Hanford well installation {i.e., the existing wells).

Also, it is not clear as to the type of casing that will be installed in
the new wells; stainless steel, pvc, etc.? Also, no mention is made of
the spectral-gamma tool presently being used at Hanford.

Recommendation:

Clearly state the intended casing materiai(s) for new boreholes. Remove
the reference to gamma-gamma and neutron-neutron logging in thos wells
where these methods have been deemed inappropriate. Include spectral-
gamma logging for all boreholes/wells.

Comments Section 5.2, p. FSP-79 and Figure FSP-39, p. FSP-80

It is stated that pilot holes will be drilled at each cluster Tocation
to the basalt and that these holes will not be completed as wells.
Figure FSP-39 does not show a pilot hole to the basalt and indicates
that the pilot hole shown will be completed in the FSB unit.

Comment: Section 5.2.1.3, p. FSP-84

It should be noted that annular material will be tremmied into the hole.
Comment: Attachment 1, Section 5.2.1.5, p. FSP-85, second paragraph
This is a good idea, however, it is possible that it would cramp any 2
inch pump pipe.
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162. Deficiency: Attachment 1, Section 5.3, p. FSP-85, second paragraph

163.

164.

165.

166.

167,

168.

Well development is not complete until they are deve1oped to or below
the 5 NTUs.

Recommendation:
Revise the text to include the 5 NTU requirement.
Comment: Section 5.4, p. FSP-86

Some monitoring wells should be equipped with recorders for selected
water quality (e.g., temperature, specific conductance); in particular,
wells in the area of influence of the Columbia River.

Comment: Section 5.5, p. FSP-86

A temporary water-level network should be started as soon as possible
using the existing wells in and adjacent to the 100-F Area. This
information could help guide the placement of monitoring wells,
selection of screened intervals, etc. Some guidance regarding measuring
frequency (monthly?, weekly?, continuous recorders?) could also be
obtained from this network. i .

Deficiency/Recommendation: Section 5.6, p. FSP-88

The design of the aquifer tests are subject to-the concurrence and
approval of the regulatory authorities. We agree that it is premature
to determine the details of such tests at this time. In other Hanford
Site RI/FS work plans, detailed aquifer test plans are noted to be
provided for review and approval by the regulatory authorities. We
recommend that aquifer test plans be noted here as well.

Comment: Figqure FSP-43, p. FSP-91

See comment on Section 3.1.7.3.1, p. WP3-114, regarding groundwater flow
direction. If groundwater flow is to the southeast (rather than the
northeast as described), then contaminated groundwater may have moved
(or may still be moving) to the southeast and emerged as seepage
downriver from the 100-F Area shoreline. Additional seep sampling sites
will be needed (downriver from site SW/SS=10) if the southeastward fiow
direction is confirmed. ,

Comments: Attachment 1, Section 5.6, p. FSP-88
Single well tests can also be used as pumping tests.
Deficiency: Attachment 1, Section 6.4, p. FSP-94, last paragraph

See comment on page SAP-1 above.
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169 Deficiency: Section 6.4, p. FSP-94, third paragraph

The first sentence states that field measurements will be made at each
of the 17 river stations. The next sentence states that stream velocity
measurements will be made. It is unclear at which of the 17 stations
(any or all) velocity measurements will be made. Also, the purpose of
the velocity measurements is unclear. Without river cross-section
measurements, river discharge cannot be calculated.

Recommendation:

State the purpose and locations of river velocity measurements. If
calculation of river discharge is the end result, state the purpose as
the discharge measurements.

170. Deficiency: Attachment 1, Section 6.4, p. FSP-95, first paragraph
See comment on page SAP-1 above.
171. Comment: Section 8.2, p. FSP-98, fourth sentence

This sentence implies that herbivores will ultimately feed on carnivores
and humans and should be reworded..

QUALITY ASSURANCE PROJECT PLAN

172. Deficiency/Recommendation: Distribution List, p. QAPP-v

The distribution 1ist is blank. Complete the distribution list to
include, at a minimum, those persons whose names appear on the approval
page.

173. Deficiency/Recommendation: Section 3.1, p. QAPP-1

The project objective does not include supporting a risk assessment as
specified in Task 12, p. QAPP-4. State that data resulting from the
investigation will be used to support a quantitative baseline risk
assessment.

174. Deficiency: Section 3.4.8, p. QAPP-3
Task 8, ecological investigation, describes sampling of terrestrial,
riparian, and aquatic species and sample analysis. These activities,
including the type of sample analyses to be conducted, are not mentioned
elsewhere in the QAPP.
Reconmendation:

Identify all ecological parameters to be measured and the measurement
methods.
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176.
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Deficiency: Section 5.0. p. QAPP-8

The definitions presented for data quality Levels I through V do not
correspond to those presented in the EPA (1987b) reference document
cited in the text. For example, for Level IV the text states ". . . CLP
RAS methods shall be performed for [only] select analytes on the TCL and
TAL . . . ," and Level III is described as having ". . . approximately
the requirements of the CLP for Level IV . . ." .

‘Recommendation:

The EPA definitions for data quality levels should be used. Additional
specific information should be added to the EPA definitions. The intent
of the EPA definitions should remain intact.

Defjciency: Table QAPP-1, p. QAPP-9 through QAPP-12
The following deficiencies are found in Table QAPP-1.

. The reference to the CLP is inappropriate for non-target compound
list (TCL) compounds such as oxalate and sulfamate. CLP-
equivalent special analytical service methods are not identified
but are described as "to be determined.”

. Incorrect versions of the CLP statements of work (SOWs) for
analysis of organics and inorganics are presented.
. Relative percent difference 1limits, percent recovery limits, and

the contract- required detection limits, which should be reviewed
prior to approval, are not presented or adequately referenced for
many of the parameters (see all "i" footnotes).

. Non-analytical methods are not included for review or referenced
adequately (see all "h" foopnotes). .

. The analytical methods referenced for metals are incomplete.

. Not one method but two ("CL#" and "Methods for Chemical Analysis
of Water and Wastes (1983b)") are listed for several parameters.

. Several methods are identified solely by number and are not
referenced. '
. Detection limits for many parameters, particularly general

chemical parameters, are not specified and are described in the
footnote as laboratory-specific.

. “NA," defined as "not applicable," is indicated for percent

recovery limits where values exist or should be set (for example,
for cyanide, sulifate, and phosphate).

37



177.
L
C
£

178.
o 179.
"t
o 180.

Recommendation:

The individual parameters to be analyzed, methods to be used, relative
percent difference 1imits, percent recovery limits, and required
detection limits should be presented or fully referenced. Non-CLP
methods for non-TCL and non-target analyte list (TAL) parameters that
are to be analyzed as CLP-equivalent, or Level V, should be accompanied
by a standard operating procedure. The standard operating procedure
should include the proposed analytical method and criteria set to
establish CLP equivalency.

Deficiency: 'Section 5.0, p. QAPP-8 through QAPP-13

None of the control 1limits for precision and accuracy or the parameter
T1ist detection limits, methods, or completeness goals for soil analyses
are presented for review.

Recommendation:

A separate table addressing soil parameters should be included. If
tissue samples are to be analyzed, as discussed in Task 8 on p. QAPP-3,
a separate table is needed for those parameters also.

Deficiency: Attachment 1, Section 6.1.1, p. QAPP-14

See comment on page SAP-1 above.

Deficiency/Recommendation: Section 6.2.3, p. QAPP-15

The references for sample container requirements include only
Westinghouse and U.S. Army Corps of Engineers documents. The EPA
(1988a) guidance document should be cited and used for establishing
sample container and handling criteria.

Deficiency: Table QAPP-3, p. QAPP-18

The methods 1isted in Table QAPP-3 are not properly referenced and are
incorrect for several parameters. The CLP methods are not referenced to
a SOW revision (EPA 1990c,d). The radionuclide methed is identified as
"Westinghouse." The footnote states "EPA methods are not defined for
analysis of these parameters; Westinghouse is developing methods for use
and agency approval."™ However, the methods are not presented in the
QAPP for agency approval. The remaining methods appear to come from two
EPA documents (1983b, 1986) that are not referenced. The methods listed
for six of the parameters are for aqueous samples and are not
appropriate for soil and sediment samples. Several container
requirements, preservatives, and holding times are left blank. The
footnote "EPA 1982" is incomplete and does not appear in Section 17.0,
Reference. The TCL holding times do not agree with EPA (1990c).
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181

182

183.

Recommendation:

The methods presented should be properly referenced and appropriate for
soil samples. The table should be completed. The containers,
preservatives, and holding times should agree with EPA (1986, 1988a,
1990c,d) guidance. The most recent versions of the appropriate methods
should be cited. A1l methods should be available for review in the QAPP
o; by.accessible reference. Chromium should be identified as hexavalent
chromium. :

Deficiency: Table QAPP-4, p. QAPP-19

The methods Tisted in Table QAPP-4 are not properly referenced and are
incorrect for several compounds. Six hundred-series methods are cited
for TCL organic analyses. "Westinghouse™ is identified as the method
for three of the parameters, but these methods are noi presented for
agency review. The remaining methods appear to come from two documents
(EPA 1983b, 1986) that are not referenced. "NA," which is not defined,
is presented as a method. Cap types are not specified. Several
parameters are left blank. The holding times for extractable organics
are incomplete. The time from extraction to analysis is omitted. The
fogtnote “EPA 1982" is incomplete and does not appear in Section 17.0,
Reference.

Recommendation:

The methods presented should be properly referenced and appropriate for
aqueous environmental samples. The table should be completed. The
containers, preservatives, and holding times should agree with EPA
{1986, 1988a, 1990c,d} guidance. The most recent versions of the
appropriate methods should be cited. Al11l methods should be available
for review in the QAPP or by accessible reference.

Deficiency/Recommendation: Section 7.0, p. QAPP-22

Chain-of-custody procedures do not address the use of custody seals.
Address the use of custody seals as described in EPA (1988a)
documentation and provide an example custody seal.

Deficiency: Figure QAPP-2, p. QAPP-23

The space provisions on the example chain-of-custody form are
inadequate. The analytical parameters are not identified, nor are there
provisions for them.

Recommendation:

The chain-of-custody form should be redesigned to allow more space for
remarks and tag numbers and to allow for identification of the
analytical parameters. The chain-of- custody form should contain space
for information as shown in the example presented in the CLP user’s
guide {EPA 1988a), Exhibit D, p. D-18.
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184.

185.

186.

187.

Deficiency: Section 8.0, p. QAPP-25

The use of the term "validated analysis" is inappropriate. The use of
this term is carried through the remainder of the QAPP. A data set, not
an anailysis, is validated. Also, until the validation is performed, the
data are not validated. To refer to unvalidated data as "validated
analysis" is technically unacceptable. The current text is not _
specific. The use of options is not appropriate. It is not stated who
shall review and approve calibration criteria "defined by applicable
standard analytical methods."” : '

Recommendation:

Delete references to "validated analysis.” Refer to data either by data
quality level, by parameter group, or by method. Clearly reference the.
criteria to be used to perform laboratory instrument calibration for
each of the various methods proposed. The calibration criteria should
be specified by reference for each method or data type.

Deficiency/Recommendation: Section 9.0, p. QAPP-26

The text states that "analytical methods or procedures shall be selected
or developed and approved." The analytical methods should be selected
or developed prior to approval of the QAPP and initiation of site tasks.
The information presented in Table QAPP-1 should include specific method
detection Timits, precision limits, and accuracy for each analyie of
interest in each matrix. For each parameter in each matrix, the

appropriate analytical method, detection limits, and quality control
criteria for precision, accuracy, and completeness should be presented
for review prior to approval of the QAPP.

Deficiency: Section 10.2, p. QAPP-27
It is inappropriate to have laboratory personnel ("subcontractor

analytical laboratory" or "qualified independent reviewers within the
laboratory generating the analysis") perform laboratory data validation.

Recommendation:

Third party personnel should perform the data validation. At a minimum,
nonlaboratory personnel, such as U.S. Army Corps of Engineer personnel,
or their contractors, should conduct the validation.

Deficiency: Section 10.2.1, p. QAPP-27

The term "specific validation report" appears to be used inappropriately
in conjunction with Level II screening analyses. -
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188.

189.

190.

ra
s Ha.

Recommendation:

Very specific criteria, preferably in the form of a standard operating
procedure, should be presented for performing data validation on Level
II]dgta §r1or to approval of the QAPP, if Leve1 II data are to be
validate

Deficiency: Section 10.2.2, p. QAPP-28

Level III and Level IV data are addressed together in relation to data
validation. The text indicates that both Level III methods and Level IV
methods will be "validated” by the criteria specified in the EPA
(1988b,c) validation guidelines. The text ‘does not clearly specify the
criteria to be used for each analytical method. The EPA (1988b,c)
validation guidelines complement the CLP analyses and parameters and are
not directly app11cab1e to the Level III data as described in Section
5.0.

The statement, "validation reports shall be prepared documenting
overchecks . . . as recommended in Laboratory Data Validation
Functienal Guidelines for Evaluating Organics Analyses" indicates
inadequate data validation. Documenting "overchecks" does not
constitute a detailed data validation. Section 10.0 does not state that
TCL and TAL data will be validated in accordance with the EPA functional
guidelines. Nor does Section 10.0 specify the criteria to be used to
validate data generated by non-CLP methods. Only validation report
writing is addressed in Section 10.0, not conduct1ng data validation.
The percent of data to undergo data valldatian is not specified.

Recommendation:

The appropriate criteria to be used in conducting data validation on
Level III data should be presented. It should be clearly stated that
CLP -anaiyses, Level IV, will be validated in accordance with the
criteria specified in the EPA (1988b,c) guidance documents. It is
asiuged Ehat 100 percent of the Level II, III, IV, and V data will be -
validated.

Deficiency/Recommendation: Section 10 2.3, p. QAPP-29

Specific criteria for validating radionuclide data are not provided.
Provide specific criteria, preferably in a standard operating procedure,
for validating radionuclide data.

Deficiency/Recommendation: Section 10.4, p. QAPP-29

The term "remedial action" is used inappropriately. Delete "develop
remedial" and insert "initiate corrective."
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192.

o 193.
.

~ 194,

- 195.
oy

—_— 196.
[N

197.

Deficiency: Section 11.0,-p. QAPP-30

The term "validated analyses" is used inappropriately. Thé undefined
term "shift" is used. The frequency of split-sample and blind sample
collection is not specified. The reference to Chapter 12.0 is not
adequate for frequency information. .

Recommendation:
Delete "validated analyses" and insert "Level II, III, IV, and V data."

Define "shift." State the frequency of split-sample and blind sample
collection.

Deficiency/Recommendation: Section 11.0, p. QAPP-31, second paragraph

. The term "where applicabie"” is used inappropriately. State the criteria

to be used to decide what is applicable.

Deficiency/Recommendation: Section 11.0, p. QAPP-31 '

The term "whenever possible" is used inappropriately. State the
criteria to be used to decide if duplicates are possible from a sample.

Deficiency/Recommendation: Section 12.0, p. QAPP-32

The text does not discuss audits but references various audit documents.
Discuss the specifics regarding audits, such as performance frequency.

Deficiency/Recommendation: Section 14.0, p. QAPP-34

Define "applicable directions™ and explain how they relate to risk
assessments. Include criteria for deciding what is applicable.

Deficiency/Recommendation: Section 17.0, p. QAPP-37

The most current versions of the CLP SOWs are not cited. Replace the
1988 CLP SOW citations with the 1990 citations.

Comzent: Section 2.2, p. HSP-15
The 4 foot depth for test pits is specific to shoring reguirings. It may

be necessary to consider pits of less than 4 feet as confined spaces
requiring monitoring before entrance of personnel.
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HEALTH AND SAFETY PLAN

198.

199.

200.

Deficiency/Recommendation: Section 4.0, p. HSP-19, first paragraph

TRe bullet numbering is incorrect. The numbering begins with 2 rather
than 1.

Deficiency/Recommendation: Section 5.0, p. HSP-24, fourthlparagraph

The text indicates the standards to be used in determining critical
levels. However, no Washington state standards are given. The
appropriate Washington state standards should be included.

Deficiency/Récommegdatjo : Section 6.0, p. HSP-26, first paragraph

The text indicates the stahdards to be used in determining the level of
personal protective equipment. However, no Washington state standards
are g;ven. The appropriate Washington state standards should be
included.
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SEPA

April 18, 1991

Reply to
Attn. of: ES-098
MEMORANDUM
Subject: Use of Standard Default Exposure Factors
; SR
From: Pat Cirone, Chief f a_;/" [1, LAY
Health and Environmental Assessment Section
To: Risk Assessors at State Agencies, ARCS and TES Contractors, others.
(Addresses)

b

The supplemental guidance document entitied "Standard Default Exposure
Factors,” (OSWER Directive No. 9285.6-03, March 25, 1991) provides' specific exposure

factors which are to be used in Superfund risk assessments to evaluate the following
pathways:

drinking water ingestion
soil ingestion
inhalation of volatiles/particulates

. consumption of homegrown produce, meat and milk
consumption of locally caught fish.

The exposure factors are summarized on page 15 (the page that is not numbered) of the
directive. The values in the directiv e RME values presented in the
January, 1990, Region 10 "Statement of Work RI/FS Risk Assessment.’ ‘(Questions
about which values to use for projects already in progress shouid be directed to the EPA
Remedial Project Manager or risk assessment contact person for the site.)

As stated on page one of the supplemental guidance, “the exposure factors
presented in this document are generally considered most appropriate and should be
used in baseline risk assessments unless alternate or site-specific values can be clearly
justified by supporting data.” Drinking water ingestion, soil ingestion, and inhalation
defaults will apply to virtually all sites. The need to evaluate consumption of
homegrown produce, meat and milk, and consumption of locally caught fish will be
determined according to characteristics of each site. For these food chain pathways, it is
also expected that site-specific or region-specific exposure factors will usually be
preferable to defaults. Assessment of dermal exposures is not discussed in the directive.
The "Guidance on Dermal Exposure Assessment" being developed by EPA ORD
Exposure Assessment Group will address this pathway.

Users of the Standard Default Exposure Factors should understand that what is
being "standardized," or made consistent, is the values describing human contact rates,
exposure frequency, and duration of exposure. The directive does not comprehensxvely
review methods of evaluating contaminant fate and transport or uptake into the food
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chain. Although some examples of approaches or models for development of predicted -
exposure point concentrations are mentioned in the directive, the use of these models is.
not being mandated. In addition to the cited references, risk assessors should continue

“to consult other EPA national and regional guidance and the published literature for the

most appropriate methods for predicting contaminant concentrations resulting from

release from soil or water to air, uptake from soil into agricultural products, and uptake
by fish from water or sediment.

Enclosure

Addresses:

David Bradley, Wash. Dept. of Ecology
Nigel Blakely, Wash. Dept. of Ecology
Lon Kissinger, Wash. Dept. of Ecology
Steven F. Cross, Wash. Dept. of Ecology
Harriet Ammann, Wash, Dept. of Health
Carol Sagerser, Wash. Dept. of Heaith
Don Oliver, Wash. Dept. of Health
Denise Lafllamme, Wash. Dept. of Health
Rommell Rivera, Oregon DEQ

Aaron L. Bodor, Oregon DEQ

Paul Burnet, Oregon DEQ

Roseanne Lorenzana, Oregon Health Div.
Michael Heumann, Qregon Health Div.
lane Gordon, Oregon Health Div.

Larry Foster, Qrepon Health Dept.
Chuck Kleeburg, King. Co.

Anthony J. Bossart, King Co.
Shelley Kneip, King Co.

Doug Pierce, Pierce Co.

Norm Payton, Pierce Co.

Lesli¢ Simmons, Alaska DEC
John Wakeman, Corps of Engineers
Ginny Dierich, Corps of Engineers
Janice Yonekura, Bechtel

David Lincoln, CH2M Hill

Lynn Gould, CH2M Hill

Dennis Shelton, CH2M Hill
Gerald L. Weinstein, E&E (Buffalo)
Yip Chitn, E&E (Seattle)

Jon J. Baghy, E&E (Seattlc)

Joyce Tsuji, ETI

Gary Pasco, ETI

Trudy Thomas, ETI

Margie Norman, ICF

Susan Turnblom, PRC

Audree DeAngeles, PRC

Roz Schoof, PTI

Celia Evans, PTI

Lisa Yost, PTI

Jim Elder, SAIC

David Maugha, SAIC

Priscilla Anderson, URS

Brad Grimsted, Weston
Rebecca Doe, Weston
Raleigh Farlow

Greg Glass

Allan Chartrand, Dames & Moore
Sue Robinson, EBASCO
Lonie Swenson, Golder

Clay Patmont, Hart Crowser
Julie Wilson, Landau

Lee Ann Sinagoga, NUS
Douglas Thelin, Corps

Lisa Gerhart, Woodward-Clyde
Perry Graves, Westinghouse
Yvonne McClellan, EG&G
Ines Figueroa, EG&G
Chen Zehner, Parametrix
Jonathan Shields, Parametrix
John B. Collins, Beak

Ron Rathburn, Enviroscience
June Coaver, RETEC

Elaine Faustman, UW
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UNITED STATES ENVIRONMENTAL PRGTECT ION AGENCY

N .
WASHINGTON, D.C. 20460
i“&ud‘éa

MR 25 (99] OFFICE OF

SOLID WASTE AND EMERGENCY RESPUNSE

OSWER Directive 9285.6=03
MEHORANDUM

BUBJECT: Human Health Evaluation Manual, Supplemental G idancé:
"Standard Default Exposure Factors" (
/
FROM: Timothy Fields, Jr., Acting Director
Qffice of Emergency and edlal] Response

Bruce Diamond, Direct
Office of Waste Programs
TO: Director, Waste Management Division,
Regions I, IV, V, & VII
Director, Emergency & Remedial Response Division,
Region II
Director, Hazardous Waste Management Division,
Regions III, VI, VIII, & IX
Director, Hazardous Waste Division,
Region X ’

forcement

B ose

The purpose of this directive is to transmit the Interim
Final Standard Exposure Factors guidance to be used in the
remedial investigation and feasibility study process. This
guidance supplements the Risk Assessment Guidance for Superfund:
Human Health Evaluation Manual, Part A that was issued
Cctober 13, 1989. '

Background

An intra-agency workgroup was formed in March 1990 to
address concerns regarding inconsistencies among the exposure
assumptions used in Superfund risk assessments. Its efforts
resulted in a June 29, 1990, draft document entitled “Standard
Exposure Assumptions". The draft was circulated to-both
technical and management staff across EPA Regional Offices and
within Headquarters. It was also discussed at two EPA-sponsored
meetings in the Washington, D.C., area. The attached interim
final decument reflects the comments received as well as the
results of recent literature reviews addressing inhalation rates,
soil ingestion rates and exposure frequency estimates.

&D Printed on Recycled Pap
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NOTE TO: Addresses

This is an "advanced" copy of the "Standard Default Exposure
Factors" guidance. Additional copies will be available to Agency
and State personnel through the Superfund Document Center by

writing:
Superfund Document Center (0S5~240)

US EPA
401 M. Street, SW
Washington, DC 20460

or, by sending an E-mail message to:

OERR/PUBS
EPA 5248

The document will be available to the general public through
NTIS.
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1.¢ -INTRODUCTION

The Risk Assessment Guidance for Superfund (RAGS) has been
divided into several parts. Part A, of the Human Health
Evaluation Manual (HHEM; U.S. EPA, 1989a), is the guidance for
preparing baseline human health risk assessments at Superfund
sites. Part B, now in draft form, will provide guidance on
calculating risk-based clean-up goals. Part C, still in the
early stages of development, will address the r;sks associated
with various remedial actions.

The processes outlined in these guidance manuals are a positive
step toward achieving national consistency in evaluating site
risks and setting goals for site clean-up. However, the
potential for inconsistency across Regions and among sites still
remains; both in estimating contaminant concentrations in
environmental media and in describing characteristics and
behaviors of the exposed populations.

Separate guidance on calculating contaminant concentrations is
currently being developed in response to a.number of inquiries
from both inside and outside the Agency. The best method for
calculating the reasonable maximum exposure (RME) concentration
for different media has been subject to a variety of
interpretations and is considered an important area where further
guidance is needed.

This supplemental guidance attempts te reduce unwarranted
variability in the exposure assumptions used to characterize
potentially exposed populations in the baseline risk assessment.
This guidance builds on the technical concepts discussed in HHEM
Part A and should be used in conjunction with Part A. However,
where exposure factors differ, values presented in this guidance
supersede those presented in HHEM Part A,

Inconsistencies among exposure assumptions can arise from
different sources: 1) where risk assessors use factors derived
from site-specific data; 2) where assessors must use their best
profe551onal judgement to choose from a range of factors
published in the open literature; and' 3) where assessors must
make assumptions (and choose values) based on extremely limited
data. Part A encourages the use of site-specific¢ data so that
risks can be evaluated on a case-by-case basis. This
supplemental guidance has been developed to encourage a
consistent approach to assessing exposures when there is a lack
of'site-specific data or consensus on which parameter value to
choose, given a range of poss;b;lltles. Accordingly, the
exposure factors presented in this document are generally
considered most appropriate and should be used in baseline risk
assessments unless alternate or site-specific values can be

clearly justified by supporting data.

1
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other programs within the Agency, for thelr review and comment.
It was also presented and discussed at two EPA/OERR sponsored
meetings. The meetings, facilitated by Clean Sites, Inc.,
brought members of the “Superfund community" and the Agency
together to focus on technical issues in risk assessment.

A final review draft was distributed on December 5, 1990, which
reflected earlier comments received as well as the results of
more recent literature reviews addressing inhalation rates, soil
ingestion rates and exposure frequency estimates (these being
areas commented on most freguently).

1.2 PRESENT AND FUTURE LAND USE CONSIDERATICNS

The exposure scenarios, presented in this document, and their
corresponding assumptions have been developed w1th1n the context
of the following land use classifications: residential,
commerc;al/lndustrlal, agricultural or recreational.
Unfortunately, it is not always easy to determine actual land use
or predict future use: local zoning may not adequately describe
land use; and unanticipated or even planned rezoning actions can
be difficult to assess. Also, the definition of these zones can
differ substantially from region to region. Thus, for the
purposes of this document, the following definitions are used:

Residential

Residential exposure scenarios and assumptions should be
used whenever there are or may be occupied residences on or
adjacent to the site. Under this land use, residents are
expected to be in fregquent, repeated contact with
contaminated media. The contamination may be on the site
itself or may have migrated from it. The assumptions in
this case account for daily exposure over the long term and
generally result in the highest potential exposures and
risk.

commercial /Tndustrial

Under this type of land use, workers are exposed to
contaminants within a commercial area or industrial site.
These scenarios apply to those individuals who work on or
near the site. Under this land use, workers are expected to
be routinely exposed to contaminated media. Exposure may be
lower than that under the residential scenarios, because it
is generally assumed that exposure is limited to 8 hours a
day for 250 days per year.
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2.0 RESIDENTIAL

Scenarios for this land use should be evaluated whenever there
are homes on or near the site, or when residential development is
reasonably expected in the future. In determining the potential
for future residential land use, the RPM should consider:
historical land use; suitability for residential development;.
local zonlng, and land use trends. Exposure pathways evaluated
under this scenario routinely include, but may not be limited to:
ingestion of potable water; incidental ingestion of soil and
dust; inhalation of contaminated air; and, where appropriate,
consumption of home grown produce. :

2.1 Ingestion of Potable Water

This pathway assumes that adult residents consume 2 liters
of water ‘per day, 350 days per year, for 30 years.

The value of 2 liters per day for drinking water is
currently used by the Office of Water in setting drinking
water standards. It was originally used by the military to
calculate tank truck requirements. In addition, 2 liters
happens to be quite close to the 90th percentlle for
drinking water ingestion (U.S. EPA, 1990), and is
comparable to the 8 glasses of water per day historically
recommended by health authorities.

The exposure freguency (EF) of 365 days/year for the
residential setting used in RAGS Part A has been argued both
inside and outside of the Agency as being too conservative
for RME estimates. National travel data were reviewed to
determine if an accurate number of '"days spent at home®
could be calculated. Unfortunately, conclusions could not
be drawn from the available literature; as it presents data
on the duration of trips taken for pleasure, but not the
frequency: of such trips (OECD, 1989; Goeldner and Duea,
-1984; National Travel Survey, 1982- 89) However, the
Superfund program is committed to moving away from values
that represent the "worst possible case." ' Thus, until
better data become available, the common assumption that
workers take' two weeks of vacation per year can be used to
support a value of 15 days per year spent away from home
(i.e., 350 days/year spent at home).

In terms of exposure duration (ED}, the resident is assumed
to live in the same home for 30 years. In the EFH, this
value is presented as the 90th-percentlle for time spent at
one residence. (Please note that in the intake equatlon,
averaging time (AT) for exposure to non-carc1ncgen1c
compounds is always equal to ED; whereas, for carcinogens a

5




In cases where the residential water supply is contaminated
with volatiles, the assessor needs to consider the potential
for exposure during household water use (e.g., cooking,
laundry, bathing and showering). Using the same time-
use/gctivity level data described above, a total of

15 m“/day was found to represent a reasonable upper-bound
inhalation rate for daily, indoor, residential activities.
Methods for modeling wvolatilization of contaminants in the
household (including the shower) are currently bezng
developed by J.B. Andelman and U.S. EPA’s Exposure
Assessment Group. Assessors should contact the Superfund
Health Risk Assessment Technical Support Center for help
with site-specific evaluations (FTS~684-7300).

2.4 Consumption of Home Grown Produce

This pathway need not be evaluated for all sites. It may
only be relevant for a small number of compounds (e.g., some
inorganics and pesticides) and should be evaluated when the
assessor has site-specific information to support this as a
pathway of concern for the residential setting.

The EFH presents figures for "typical" consumption of fruit
(140 g/day) and vegetables (200 g/day) with the "reasonable
worst case" proportion of produce that is homegrown as 30
and 40 percent, respectively. This corresponds to values of
42 g/day for consumption of homegrown fruit and 80 g/day for
homegrown vegetables. They ares derived from data in Pao, et
al. (1982) and USDA (1980). EFH also provides data on
consumption of gpecifi¢c homegrown fruits and vegetables that
may be more appropriate for site~specific evaluations.
Although sampling data are much preferred, in their absence
plant uptake of certain organic compounds can be estimated
using the procedure described in Briggs, et al. (1982). No
particular procedure is recommended for quantitatively
assessing inorganic uptake at this time; however, the
following table developed by Sauerbeck (1988) provides a
qualitative guide for assessing heavy metal uptake into a
number of plants:

.
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3.0 COMMERCIAL/INDUSTRIAL

Occupational scenaries should be evaluated when land use is (or
is expected to be) commercial/industrial. ' In general, these
scenarios address a 70-kg adult who is at work 5 days a week for
50 weeks per year (250 days total). The individual is assumed to
work 25 years at the same location (95th-percentile; Bureau of
Labor sStatistics, 1990). This scenario also corisiders ingestion
of potable water, incidental ingestion of seoil and dust, and
inhalation of contaminated air.

Please note that under mixed-use zoning (e.g., apartments abave
storefronts), certain pathways described for the residential
setting should also be evaluated,

3.1 Ingestion of Potable Water

Until data become available for this pathway, it will be
assumed that half of an individual’s daily water intake
(1 liter out of 2) occurs at work. All water ingested is
assumed to come from the contaminated drinking water source
(i.e., bottled water is not considered). For site-specific
cases where workers are known to consume considerably more
water (e.g., those who work outdoors in hot weather or .in
other high-activity/stress environments), it may be
necessary to adjust this figure.

A lower ingestion rate is used in this pathway so that a
more reasonable exposure estimate may be made for workers
ingesting contaminated water. However, it is important to
remember that remedial actions are often based on returning
the contaminated aquifer to maximum beneficial use; which
generally means achieving levels suitable for residential
use.

3.2 Incidental Ingeétion of Soil and Dust

In the occupational setting, incidental ingestion of soil
and dust is highly dependent on the type of work being
performed. Office workers would be expected to contact much
less soil and dust than someone engaged in outdoor work such
as construction or landscaping. Although no studies were
found that specifically measured the amount of soil ingested
by workers in the occupational setting, the one study that
measured adult soil ingestion included subjects that worked
outside of the home (Calabrese, et al., 1990a). Although
the study had a limited number of subjects (n=6) and did not
associate the findings with any particular activity pattern,
it is the only study that did not rely on medeling to

9



4.1.1 Consumption of Homegrown Produce .

The -values used in evaluating this pathway are the same -
as those presented in Section 2.4. While it 15 more
likely for farm families to cultivate fruits and
vegetables, it is not necessarily true that they ‘would
be able to grow a sufficient variety to meet all their
- dietary needs and tastes. Thus, the consumption rate

default values will be 42 g/day and 80 g/day for fruits
and vegetables, respectively. Again, EFH presents
consumption rates for §gec;§i homegrown fruits and
vegetables. The assessor is reminded that the plant
uptake pathway is not relevant for all. contaminants and
sampling of fruits and vegetables is highly

- recommended. However, in the absence of analytical
data, plant uptake of organic chemicals can be
estimated using the procedure described in Briggs, et

fes al. (1982). No particular procedure is recommended for
c gquantitatively assessing inorganic uptake at this time;

_ however, the table (presented in Section 2.4) developed
£ by Sauerbeck (1988) provides a qgqualitative guide for

assessing heavy metal uptake into a number of plants.

4.1.2 Consumption of Animal Products

Animal products should only be addressed if it is known
e that local residents produce them for home consumption
or are expected teo do so in the future. The best way
to determine which items are produced is by interviews
or consultation with the local County Extension Service
which usually has data on the type and quantxty cof
— , local farm products.

On EFH provides average ingestion rates for beef and dairy
products and assumes that the farm family produces
75 percent of what it consumes from these categories._
This corresponds to a "reasonable worst case®
consumption rate of 75 g/day for beef and 300 g/day for
.dairy products. Although sampling data are much
preferred, in their absence the procedure described in
Travis and Arms (1988) may be used to estimate organic
contaminant concentrations in beef and milk. This
procedure does not provide transfer coefficients for
poultry and eggs. Thus, the latter two pathways can be
evaluated only if site-specific concentrations for.
poultry and eggs are available, or if transfer
coefficients can be obtained from the literature.

Additional references addre551ng potential exposures from
contaminated foods are listed in Section 2.0.

11



When evaluating this pathway please consider the possibility
of subsistence fishing. Unlike the residential scenario,
exposure estimates from this pathway would not necessarily
be added to any other exposure estimates (see Section 2.5).
Instead, it would be included as an estlmate of exposure for
a sensitive sub-population.

5.2 Additional Recreational Scenarijos

A number of commentors requested standard default values for
the following .recreational scenarios: hunting, dirtbiking,
swimming and wading. One apprcach to address exposure
during swimming and wading is presented in HHEM Part A. The
Agency is currently involved in research projects designed
to estimate dermal uptake of contaminants from soil, water
and sediment. Results of these studies will be used to
update the swimming and wading scenarios as well as other
scenarios that rely on estimates of dermal absorption.

" Unfortunately, lack of data and problems in estimating

exposure frequencies and durations based on regional
variations in climate have precluded the standardization of
other recreational scenarios at this time. Additional
guidance will be developed as data become available.

13
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Regsidential

Commercial/
Industrial

Agricultural

Recreational

Exposure Pathway (2)
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Ingestion of
Potable Water

Ingestion of
Soil and Dust

Inhalation of
Contaminants

Ingestion of
Potable Water

Ingestion of
Soil and Dust

Inhalation of
Contaminants
Ingestion of
Potable Hater

Ingestion of
Soil and Dust

Inhalation of
Contaminants

. Consumption of

Homegrown
Produce

Consumption of
Locally Caught
Fish

A

DailK
Intake Rate

2 liters

200 mg (child})
100 mg (adult)

20 cu.m (total)
15 cu.m {indoor)

1l liter
50 mg
20 cu.m/workday

2 liters

200 mg {child)
100 mg {adult)

20 cu.m (total)
15 cu.m iindoon)

42 fruit
80 g veg.)}

Exposure
Frequency

e

350
350

350

250

250

250

350

350

350

350

days/year
days/year

days/year

days/year
days/year
days/year
days/year
days/year

days/year

days/year

‘days/year

SUMMARY OF STANDARD DEFAULT EXPOSURE FACTORS (1)

Exposure
Duration

25

25

25

3o

24
30

30

(1) - Factors presented are those that should generally be used to assess
exposures associated with a designated land use,

from these values; however, use of a
in the risk assessment report.

{(2) - Listed gathwaya ma
to be evaluated due to site conditions.

ma
vafues are provided in the text of thls guidance.

nee

Site~specific data may warrant deviation
lternate values should be justified and documented

Additional_pa
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years
years

years

years

years

years

years

years
years

years

years -
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ways and applicable defau

Body Weight
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70

70
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kg

70

70
70

70

70
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kg

70

70

70

kg

ichild
adult

kg
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kg

{child)
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kg
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ATTACHMENT A
ACTIVITY SPECIFICIINHALATION RATES

gackg;ound

The standard default value of 20 m3/day has been used by EPA to
represent an average daily inhalation rate for adults. According
toc EFH, . this value was developed by the International Commission
on Radiologic Protection (ICRP) to represent a daily inhalation
rate for 'reference man' engaged in 16 hours of "light activity"®
and 8 hours of "rest". EPA (1985) reported on a similar study
that indicated the average inhalation rate gor a man engaged in
the same activities would be closer to 13 m“/day. EFH, in turn,
reiterated the findings of ICRP and EPA (1985) then calculated a
"reasonable worst case" inhalation rate of 30 mzlday. This
reasonable worst case value was used in Part A of the Human
Health Evaluation Manual as the RME inhalation rate for
residential exposures.

Commentors from both inside and outside the Agency expressed
concerns that this value may be too conservative. Many also
added their concern that exposure values calculated using this
inhalation rate would not be comparable to reference doses (RED)
and cancer potency factors (gl¥%) values based on an inhalation
rate of 20 m3/day. Thus, the Toxics Integration Branch of
Superfund (TIB) conducted 2 review of the literature to determine
the validity of using 30 m~/day as the RME inhalation rate for

adults. Members of EPA’s Environmental Criteria Assessment

" Office-Research Triangle Park (A. Jarabek, 9/20/90) and the

Science Advisory Board (10/26/90) have suggested that inhalatien
rates could be calculated using time-use/activity level data
reported in the "Development of Statistical Distributions or
Ranges of Standard Factors Used in Exposure Assessments" (OHEA;
U.S. EPA, 1985). Thus, TIB used this data to calculate an RME
inhalation rate for both the residential and occupational
settings, as follows.

Methodoloay

o The time-usefactivity level data reported by OHEA
(1985) were analyzed for each occupation subgroup;

o The data were divided into hours spent at home vs.
hours spent at the workplace (lunch hours spent outside
of work and hours spent in transit were excluded);

o The hourly data were subdivided into hours spent
indoors vs. outdoors (to allow for estimating exposures
to volatile contaminants during indoor use of potable
water) ;
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TTACHMENT B

ESTIMATING ADULT SOIL INGESTION
IN THE COMMERCIAL/INDUSTRIAL SETTING

Most of the available soil ingestion studies focus on children in
the residential setting; however, two studies were found that
address adult soil ingestion that also have application to the
commercial/industrial setting (Hawley, 1985; Calabrese, et al.,
1990). '

Hawley (1985) used a number of assumptions for contact rates and
body surface area to estimate the amount of soil and dust adults
may ingest during a variety of residential activities. For
indoor exposures, Hawley estimated levels based on contact with
soil/dust in two different household areas, as follows:

0.5 mg/day for daily exposure in the "living space"; and 110
mg/day for cleaning dusty areas such as attics or basements. For
outdoor exposures, Hawley estimated a soil ingestion rate during
yardwork of 480 mg/day. The assumptions used to model exposures
in the residential setting may alsoc be applied to similar
situations in the workplaca. The amount of soil and dust adults
contact in their houses may be similar to the amount an office or
indoor maintenance worker would be expected to contact.

Likewise, the amount of soil contacted by someone engaged in
construction or landscaping may be more analogous to a resident
doing outdoor yardwork.

Calabrese, et al. (1990) conducted a pilot study that measured
adult soil ingestion at 50 mg/day. Although the study has
several drawbacks (e.g., a limited number of participants and no
information on the participants daily work activities), it
included subjects that worked outside the home. It is alsco
interesting te note that this measured value falls within the
range Hawley (1985) estimated for adult soil ingestion during
indoor activities.

From-these studies, 50 mg/day was chosen as the standard default
value for adult soil ingestion in the workplace. It was chosen
primarily because it is a measured value but also because it
falls within the range of modeled values representing two widely
different indoor exposure scenarios. The 50 mg/day value is to
be used in conjunction with an exposure frequency of 250
days/year and an exposure duration of 25 years. For certain
outdoor activities in the commercial/industrial setting (e.qg.,
construction or landscaping)}, a soil ingestion rate of 480 mg/day
may be used; however, this type of work is usually short-term and
is often dictated by the weather. Thus, exposure freguency would
generally be less than one year and exposure duration would vary
according to site~specific construction/maintenance plans.
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CHARACTERIZING SOILS FOR
HAZARDOUS WASTE SITE ASSESSMENTS

INTRODUCTION

‘The Reglonal Superfund Ground Water

Forum is a group of ground-water scientists
representing EPA’s Reglonal Offices, orga-
nized to exchange up-to-date information re-
fated to ground-water remediation at hazard-
ous waste sites. Soil characterization at
hazardous waste sites is anissue identified by
the forum as a concern of CERCLA decision-
makers.

To address this issue, this paper was pre-
pared through support from EMSL-LV and
ASKERL, under the direction of R. P.
Breckenridge, with the support of the
Superfund Technical Support Project. For
furtherinformation contact Ken Brown, EMSL-
LV Center Director, at FTS 545-2270 or R. P.
Breckenridge at FTS 583-0757.

Site investigation and remediation under the
Superfund program is' performed using the
CERCLA remedial investigation/feasibility
study (RVFS) procass. The goal of the RVFS
process is to reach a Record of Decision

(RODY) in a timely manner. Soil characteriza- -

. R. P. Breckenridge', J. R. Williams?, and J. F. Keck!

fion provides data types required for decision
making in three distinct RVFS tasks:

1. Determination of the nature and extent of
soil contamination.

2. Risk assessment, and determination of
risk-based soil clean-up levels.

3. Determination of the potential effective-
ness of soil remediation altermnatives.

[dentification of data types required for the first
task, determination of the nature and extent of
contamination, is relatively straightforward.
The nature of contamination is related to the
types of operafions conducted at the site.
Existing records, if available, and interviews
with personnel familiacwith the site history are
good sources of information to help determine
the types of contaminants potentially preserit.
This information may be used to shorten the
iist oftarget analytes from the several hundred
contaminants of concern in the 40 CFR Part
264 list (Date 7-1-89). Numerous guidance
documents are available for planning all

' Idaho National Engineering Laboratory, Environmental Science and Tachnology Group, Idaho Falls, 1D 83415,

? Saif Scientist, U.S. EPAR. S, Ker Environmental Research Laboratory, Ada, OK 74820

Superfund Technology Support Center for Monitoring
and Site Characterization, Environmental Monitoring
Systems Laboratory Las Vegas, NV

Superfund Technology Support Center for
Ground-Water Fate and Transport, Robert S, Kesr
Environmental Research Laboratory Ada, OK
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aspects of the subsequent samp!mg effort (US EPA 1987a v

1988a, 1988b, and Jenkins et al., 1988).

The extent of contamination is also related to the types of
operations conducted at the site. Existing records, if available,
and interviews with personnel familiar with the site history are
also good sources of information to help determine the extent of
contamination potentially present. The extent of contamination

. isdependentonthe nature of the contaminant source(s) andthe

extent of contaminant migration from the source(s). Migration
routes may include air, via volatilization and fugitive dust emis-
sions; overland flow; direct discharge; leachate migration to

' ground water and surface runcff and erosion. Preparation of 2

preliminary site conceptual model is therefore an important step
in planning and directing the sampling effort. The conceptual
model should identify the most likely locations of contaminants
in soil and the pathways through which they move.

The data type requirements for tasks 2 and 3 are frequently less
well understood. Tasks 2 and 3 require knowledge of both the
nature and extent of contamination, the environmental {ate and
transport of the contaminants, and an appreciation of the need
for quality data to select a viable remedial treatment technique.

Contaminant fate and transport estimation is usually performed
by computer modeling. Site-specific information about the soils
in which contamination occurs, migrates, and interacts with, is
required as inputto a model. The accuracy of the model output
is no better than the accuracy of the input information.

The purpose of this paper is to provide guidance to Remedial
Project Managers (RPM) and On-Scene Coordinators (OSC)
concerning soil characterization data types required for
decision-making in the CERCLA RVFS process related to risk
assessment and remedial alternative evaluation for contami-
nated soils. Many of the problems that arise are due to a lack of
understanding the data types required for tasks 2 and 3 above.
This paper describes the soil characterization data types re-
quired to conduct model based risk assessment for task 2 and
the selection of remedial design for task 3. The information
presented in this paper is a compilation of current information
from the literature and from experience combined to meet the
purpase of this paper.

EMSL-Las Vegas and RSKERL-Ada convened a technical
committee of experts to examine the issue and provide technical
guidance based on current scisntific information. Members of
the committee were Joe R. Willlams, RSKERL-Ada; Robert G.
Baca, Robert P. Breckenridge, Alan B. Crockett, and John F.
Keck from the ldaho National Engineering Laboratory, Idaho
Falls, ID; Gretchen L. Rupp, PE, University of Nevada-Las
Vegas; and Ken Brown; EMSL-LV.

This document was compiled by the authors and edited by the
members of the committee and a group of peer reviewers.

Characterization of a hazardous waste site should be done

using an integrated investigative approach to determine quickly -

and cost effectively the potential health effects and appropriate
response measures at a site. An integrated approach involves
conslderation of the different types and sources of contami-
nants, their fate as they are transported through and are parti-
tioned, and their impact on different parts of the environment.

CONCERNS

Thls paper addresses two concems related fo sml charactenza—
tion for CERCLA remedial responise. The first concem is the
applicability of traditional soil classification methods to CERCLA
soil characterization. The second Is the identification of soil
characterization data types required for CERCLA risk assess-
mentand analysis of remedial alternatives. These concems are
related, in that the Data Quality Objective {DQQ) process
addresses both. The DQO process was developed, in part, to
assist CERCLA decision-makers In identifying the data types,
data quality, arid data quantity required to supportdecisions that
must be made during the RVFS process. Data Quality Objec-
tives for Remedial Response Activities: Development Process
{US EPA, 1987b) is a guidebook on developing DQOs. This
process as it relates to CERCLA soil characterization is dis-

. cussed in the Data Quality Cbjective section of this paper.

Datatypes required for soil characterization must be determined
early in the RI/FS process, using the DQO process. Often, the
first soil data types related to risk assessment and remedial
alternative selection available during a CERCLA site investiga-
tion are soil textural descriptions from the barehole logs pre-
pared by a geologist during investigations of the nature and
extent of contamination. These boreholes might include instal-
lation of ground-water monitoring wells, or soil boreholes. Typi-
cally, borehote logs contain seil lithology and textural descrip-
tions, based on visual analysis of drill cuttings.

Preliminary site data are potentially vaiuable, and can provide
modelers and engineers with data to begin preparation of the
conceptual model arid perform scoping calculations. Soil tex-
ture affects movement of air and water in soil, infiltration rate,
porosity, water holding capacity, and other parameters.
Changes in lithology identify heterogeneities in the subsurface
{i.e., low permeability layers, etc.). Soil texturaf classificationis
therefore important to ¢ontaminant fate and transport modeling,
and to screening and analysis of remedial altematives. How-
ever, unless collected properly, soil textural descriptions are of
limited value for the following reasons:

1, There are several different systems for classification of sail
particles with respect to size. To address this problem itis
important to identify which system has been or will be used
to classily a soil so that data can be properly compared.
Figure 1 canbe used to compare tha differentsystems (Gee
and Bauder, 1986). Keys fo Soil Taxonomy (Seil Survey
Staff, 1990) provides details to one of the more useful
systems that should be consulted prior to classifying a site’s
soils.

2. The accuracy of the field classification is dependent on the
skill of the cbserver. To overcome this concern RPMs and
QOSCs should collect soil textural data that are quantitative
rather than qualitative. Soil texture canbe determined from
a soil sample by sleve analysis or hydrometer. These data
types are supertiorto qualitative description based on visual
analysis and are more [ikely to meet DQOs.

3. Even if the field person accurately classifles a soil (e.g., as
a silty sand or a sandy loam}, textural descriptions do not
afford accurate estimations of actual physical properties
required for madeling and remedial alternative evaluation,




such as hydraulic conductivity. For éxample, the hydraulic
conductivity of siity-sand can range from 10510 10* cm/sec
{four orders of magnitude).

' These ranges of values may be used for bounding calculations,

or to assist in preparation of the preliminary conceptual model.
These data may therefore meet DQOs for initial screening of
remedial alternatives, for example, but will likely not meet DQOs
far detailed analysis of altematives.

DATA QUALITY OBJECTIVES

EPA has developed the Data Quality Objective (DQO) process
to guide CERCLA site characterization. The relationship be-
tween CERCLA RI/FS activities and the DQO process is shown
in Figure 2 {US EPA, 1988c¢, 1987a). The DQO process ocours
in three stages:

« Stage 1. Identify Decision Types. - In this stage the types of
decisions that must be made during the RUFS are identified.
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Figure 1. Particle-size limits according to several current
classification schemes {Gee and Bauder, 1986).

. spatially across the site?".

' Thetypesofdecusuo svarythroughouttheF{lJFSprocess but

in general they become increasmgly quantitative as the pro-
cess proceeds. During this stage itis important to identify and
involve the data users (e.g. modelers, engineers, and scien-
tists), evaluate available data, develop a conceptual site
mode!, and specify objectives and decisions.

« Stage 2. Identify Data Uses/Needs. In this stage data uses
are defined. This includes tdentification of the required data
types, data quality and data quantity required to make deci-
sions on how to:

. = Perform risk assessment
- Perform contaminant fate and transport modeling

- Identify and screen remedial alternatives

= Stage 3. Design Data Collection Program. After Stage 1 and
.2 activities have béen defined and reviewed, a data coliection
program addressing the data types, data quantity (number of
samples) and data quality required to make these decisions
needs to be developed as part of a sampling and analysis
plan.

Although this paper focuses on data types required for decision-
making in the CERCLA RIVFS process related to soil contami-
pation, referances are provided to address data quantity quality
issues.

Data Types

The OSC or RPM must determine which soil parameters are
needed to make various RIFS decisions. The types of deci- |
sions to be made therefore drive selaction of data types. Data
types required for RI/FS activities including risk assessment,
contaminant fate and-transport modeling and remedial alter-
native selection are discussed in Soil characteristics Data Types
Required for Modeling Section, and the Scil Characterization
DataType Required for Remedial Alternative Selection Section.-

Data Quality

The RPM or OSC must decide “How good does the data need
to be in order for me to make a given decision?”. EPA has
assigned quality levels to different RVFS activities as a guide-
line. Data Quality Objectives for Remedial Response Activities
(US EPA, 1987a) offers guidance on this subject and contains -
many useful references.

Data Quantity

The RPM or OSC must decide “How many samples do | need to
determine the mean and standard deviation of a given param-
eter at a given site?", or “How does a given parameter vary
Decisions of this type must be
addressed by statistical design of the sampling effort. The Soif
Sampling Quality Assurance Guide (Barthetal., 1989) and Data
Quality Objectives for Remedial Respanse (US EPA, 1987a)

-offer guidance on this subject and contajn many useful refer-

encas.
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IMPORT ANT SOIL CHARACTERISTICS IN STTE
EVALUATION

Tables 1 and 2 iden'ufy methods for collecting and determining
data types for soil characteristics. either in the field, laboratory,

or by calculation, Soil characteristics in Table 1 are considered -

the primaryindicators thatare needed to complete Phase ! of the
RYFS process. This is a short, but conclse list of soil data types
that are needed to make CERCLA decisions and should be
planned for and collected early in the sampling effort. These
primary data types should allow for the initial screening of
remedial treatment alternatives and preliminary modeling of the
site for risk assessment. Many of these characteristics can be
obtained relatively inexpensively during periods of early field
work when the necessary drilling and sampling equipment are
already on site. Investigators should plan to collect data for all
the soil characteristics at the same locations and times, soil
boring is done to install monitoring wells. Geophysical loggmg of
the well should also be considered as a costeffectivo method for

" collecting lithologic information prior to casing the well. Data

quality and quantity must also be considered before beginning
collection of the appropriate data types.

The sait characteristics in Table 2 are considered ancillary only
because they are needed in the later stages and tasks of the
DQO process and the RUFS process. f the site budget allows,
collection of these data types during early periods of field work
will improve the database available to make decisions on
remedial treatment selection and model-based risk assess-
ments. Advanced planning and knowledge of the need for the
ancillary soil characteristics should be factored into early site
wark to reduce overall costs and the time required to reach a
ROD. A small additional investment to collect ancillary data
during early site visits is almost always more cost effective than
havmiq to send crews back to the ﬁeld to conduct additional soil
sampling.

Further detailed descriptions of the soil characteristics in Tables
1 and 2 can be found in' Fundamentals of Soil Physics and Ap-
plications of Soif Physics (Hillel, 1980) and in a series of articles
by Dragun (1988, 1988a, 1888b). These references provide
excellent discussions of these characteristics and their influ-
ence onwatermovementin soils as well as contaminantfate and
transport.

SOIL CHARACTERISTICS DATA TYPES REQUIRED
FOR MODELING

Theinformation presented here is notintended as a review of all
data types required for all models, instead it presents a sampling
of the more appropriate models used in risk assessment and
remediai design. .

Uses of Vadose Zone Models for Cercla Remedial
Response Activities _

Models are used in the CERCLA RIFS: proéess 1o estimate
contaminant fate and transport, These estimates of contami-
nant behavior in the environment are subsequently used for:

+ Risk assessment. Risk assessment includes contaminant
release assessment, exposure assessment, and determining
risk-based clean-up levels. Each of these activities requires
estimation of the rates and extents of contaminant movement

in the vadose zone, and of transformation and degradation
. processes. '

= Effectiveness assessment of remedial altematives. This
task may also require determination of the rates and extents
of contaminant movement in the vadose zone, and of rates
and extents of transformation’ and degradation processes.
Technology-specific data requirements are cited in the Soil
Characterization Data Type Required for Remedial Alterna-
tive Sélection Section,

The types, quantities, and quality of site characterization data
required for modeling should be carefully consldered during RV
FS scoping. Several currently available vadose zone fate and
transport models are listedin Table 3. Soil characterization data
types required for each model are included in the table. Model
documentation should be consulted for specific questions con-
ceming uses and applications.

The Superfund Exposuré Assessment Manual discusses vari-
ous vadose zone madels (US EPA, 1988e). This document
should be consulted to select codes that are EPA-approved.

Data Types Required for Modeling

Soil characterization data types required for modeling are in-
cluded in Tables 1 and 2. Most of the models are one- or
two-dimensional solutions to the advection-dispersion equa-
tion, applied o unsaturated flow. Each is different in the extent
to which transformation and degradation processes may be
simulated; various contaminant release scenarios are accom-
modated; heterogeneous soils and other site-specific charac-
teristics are accounted for. Each, therefore, has different data
type input requirements.

All models require physicochemical data for the contaminants of
concermn. These dala are available In the (iterature, and from
EPA databases (US EPA, 1988¢,d). The amount of physico-
chemical data required is generally related to the complexity of
the model. The medels that account for biodegradation of
organics, vapor phase diffusion and other processes require
more input data than the relatively simpler transport models.

Data Quality and Quantity Required for Modeling

DQOs for the modeling task should be defined during RI/FS
scoping. The output of any computer model is only as valid as
the quality of the input data and code itself, Variance may result
from the data collection methodology or analytical process, oras
a result of spatial variability in the soil characteristic being
measured. .

In general, the physical and chemical properties of soils vary
spatially. This variation rarely follows well defined trends; rather
it exhibits a stochastic (i.e., random) character. However, the
stochastic character of many soil properties tends to follow
classic statistical distributions, For example, properties such as
bulk density and effective porosity of soils tend to be normally
distributed {Campbell, 1985). Saturated hydraulic conductivity,
in contrast, is often found to follow a fog-normal distribution.
Characterization of a site, therefore, should be performed in
such a mantier as to permit the determination of the statistical
characteristics {i.e., mean and variance) and their spatial

correlations. .
{Continued on page 8)
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TABLE 1. MEASUREMENT ME]HODS FOR PRIMARY SOIL CHARACHEHISTICS

NEEDED TO SUPPORT CERCLA DECISION-MAKING PROCESS

Measurement Technique/Method (wlReference)

Soil Characteristic* Field Laboratory Calculation or Lookup Methaod
Bulk density Neulron proba (ASTM, 1985), Coring or excavation for lab analysis Not applicable.
Gamma radiation (Blake and Hartage, {Blake and Hartage, 1986). -
1986, Blake, 1965).
Scil pH Measured in field in same manner as Using a glass electrode in an aquecus Not applicable.
in laboralory + ‘slumy {ref. EPRI EN-6637) Analytical L
) Method — Method 9045, SW-845, EPA.
Texture *Collect composita sample foreachsol  ASTM D 522-63 Method for Pariicle Not applicable.
type. No field methods are available, Analysis of Solls. Sieve analysis better at
except through considerable ‘ hazardous waste sites because organics
experiance of “feeling” the soif for an can effect hydrometsr analysis
estimation of % sand, sitt, and clay. (Kluate, 1986},
Depth to Ground-waler monitoring wells or . Nat applicable. Not applicable.
ground water plezometers using EPA approved
methods (EPA 1985a).
Horizons ot Sail pits dug with backhea are best, If Not applicable. May be possible to obtain information
stratigraphy salety and cost are a concem, soil from SCS soil survey for the site.
bares can be collected with either a
thin wall sample driver and veilmayet
tube (Brown et al., 1990).
Hydraufic Auger-hole and piezometer methods Constant head and falling head methods  Although there are {ables available that
conductivity (Amoozeger and Warrick, 1986) and {Amoozeger and Warrick, 1986}, list the values for the saturated
{saturated) Guelph permeameter (Reynolds & hydraulic conductivity, it should be
Elrick, 1985; Reynolds & Elrick, 1986). understood that the values are given for
spacific soif texiures that may not be the
same as those on the sita,
Water retention Field methods require a considerable Chtained through wetting or drainage of Some iook-up and estimation methods
(soil water amount of ime, effort, and equipment. core samples through a series of known are available, however, due to high
characteristic ~ Fora good discussion of these methods  pressura heads from low to high or high spatial varabiltiy In this characteristic
curves) refer to Bruce and Luxmoore {1986). to low, respectively (Klute, 1986). they are not generally recommended
: uniess thelr use is justified.
Air permeabifity None Several methods have been used, Estimation methods for air permeability
and water content howaver, all usa disturbed soil samples, exist that closely resemble the estimation -
relationships For field applications the structure of methods for unsaturated hydraulic
soils are very impartant, For more conductivity. Example models those
Information refer to Caorey (1986). developed by Brooks and Corey {1964)
and van Genuchten {1980).
Porosity (pore Gas pycnometer (Danjelson and Calculated from particle and bulk
volume) Sutherland, 1986). densities (Danielson and Sutherland,
1986).
Climate Precipitation measured using either ~ Not applicable, Data are provided in the Climatic Atlas of
Sacramento gauge for accumulated value . the United States or are avallable from
o welgl'ung gauge or tipping bucket gauge the National Climatic Data Center,
for contincous measurement (Finkelstein Asheville, NG Telephone (704) 253-0652.
et al,, 1983; {Gte, 1979}, Soil temperature ‘
measured using thermocauple,

: Soﬂdmrm;uisﬁwamdsamedmgeneralexwptwhemspedﬁcmmla!ehcﬁﬁeremwwpesﬁ.e..meiab.twdmplwﬁcmgaﬁmmpohrorganm).
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TABLE 2, MEASUREMENT METHODS FOR ANCILLARY SOIL PARAMETERS .
NEEDED TO SUPPORT CERCLA DECISION-MAKING PROCESS

Measurement Technique/Method (w/Reference)

Soil Characteristic* Field Laboratory Calculation or Lookup Method
Organic carbon Not applicable. High temperature combustion {either Not applicable.
, wet ar dry) and oxidation technigues - '
{Powell et al., 1989) (Powell, 1950},

Capactty Exchange See Rhoades for field methods. {Rhoades, 1982),

Capacity (CEC)

Erodibility Estimated using standard equations and
graphs (lsraelsen et al., 1980) field data
for slope, field length, and cover type
required as inptR. Soils data can be
cbtained from the local Sail Conservation
Sarvice (SCS) office.

Waler erosion Measurement/survey of slope {in ft Not applicable. A modified universal sail loss equation

Universal Soil Loss  risefit run or %}, length of field, {USLE) (Williams, 1975) presented in

Equation {(USLE) vegetative cover. Mills et al., {1982) and US EPA (1988d)

or Revised USLE sourca for equations.

(RUSLE) .

Wind erosion Air monitoring for mass of containment.  Not applicable. The SCS wind loss equation (Israglsen
Field length along prevailing wind et al., 1980) must be adjusted (reduced)
direction, to account for suspended particles of

diameter <10pm Cowherd et al., {1985)
for a rapid evaluation (<24 hr) of particle
emission fro a Superfund site.

Vagetative cover Visual ob.servation and documented Not applicable.
using map. USDA can aid in identification
of unknown vegetation,

Soil structure Classified info 10 standard kinds —see  Not applicable, See local soil survay for the site.
local SCS office for assistance (Soil
Survey Staff, 1930) or Taylor and
Ashceroft (1972), p. 310.

Organiccarbon ~ /[ sifutracer tests (Freeze and Cheny, (AS‘m E 1195-87, 1988) Calculated from K_, water solubility

partition 1979). (Mils et al., 1985; Sims et al., 1986).

cooefficient (i) .

Redox couple ratios  Platium electroda used on lysimeter Same as field. Can be calculated from concentrations of

of waste/soil system  sample (ASTM, 1987). redox pairs or 0, {Stumm and Morgan, 1981).

Liner scilfwater In situtracer tests (Freeze and Cherry,  Baich experiment (Ash et al., 1973); Mills et al., 1985.

partition coefficient 1979} « column tests {van Genuchten and

Wierenga, 1986).

Soil oxygen 0, by membyane electrode O, diffusion” - Same as field. Calculated from pE (Stumm and Morgan,

rate by Pt microelectrode {Phene, 1986). 1881) or from O, and soil-gas ditfusion

content {aeration)

0, by field GC (Smith, 1983).

rate,

{Continued)



. TABLE2. (CONTINUED) - -

Measurement Technique/Method (w/Reference)

Soil Characteristic* Field

Laboratory

Calculation or Lookup Method

Soil temperature (as  Thermotery (Taylor and Jackson 1986).

it affects volatilization)

Clay mineralogy Parent matetial analysis.
Unsteady dranage-flux (or Instantanecus
profile) method and simpiified unsteady
drainage flux method (Green etal,
1986).The instantaneous profile method
was initially developed as a laboratory
mathod (Watson, 1966), however it was
adapted to the field (Hillel et al., 1972).
Constant-head borehole infitration
{Amoozegar and Warrick, 1986).

Two types of techniques — indirect and
direct. Direct menthods, {Le., gravimetric
sampling), considered the most accurate,
with no calibralion required. However,
methods are destructive to field systems.
Methods Involva collecting samples,
weighing, drying and re-weighing to
determine field moisture. Indirect methods
rely on calibration (Klute, 1986).

Unsaturated
hydraulic
st

obtain,

Moisture content

Soil biota. *

Same as fleld.

Not usually done; results vary difficult to

Brown and Assoclates (1980).

X-ray difraction (Whitig and Alardice, 1986).

A number of estimation methods exists,
each with their own set of assumptions
and requiremnds. Reviews have been
presented by Mualem (1986}, and

van Gehuchten (in press}),

No standard method exists (see modsl or  No standard method exists; can use agar

remedial technology for input or remedial  plate count using MOSA method 98-3

evaluation procedures),

p. 1452 (Kiute, 1986},

* Soif characterstics are discussed in general except whera specific cases relale to different waste types {Le., metals, hydrophobic organics or polar organics),

Significant advances have been made in understanding and
describing the spatial variability of soil properties (Neilsen and
Bouma, 1985). Geostatistical methods and techniques (Clark,
1982; Davis, 1986} are avallable for statistically characterizing
soil properties important to contaminant migration. Information
gained from a geostatistical analysis of data can be used for
three major purposes:

= Determining the heterogeneity and complexity of the site;

« (Guiding the data collection and interpretation eifort and thus
identifying areas where additional sampling may be needed
{to reduce uncertainty by estimating error); and

* Providing data for a stochastic model! of fluid flow and con-
taminant migration, .

One of the geostatistical tools useful to help in the interpolation
or mapping of a site is referred to as kriging (Davis, 1988).
General kriging computer codes are presently available. Ap-
pllw.ﬁon of this type of tool, however, requires an. adequate

sample size. As a rule of thumb, 50 or more data points are
needed to construct the semivariogram required for use in
kriging. The benefit of using liging in site characterization is
that it allows one to take point measurements and estimate soil
characteristics at any point within the domain of interest, such as
grid points, for a computer model. Geostatistical packages are
available from the US EPA, Geo-EAS and GEOPACK (Englund
and Sparks, 1988 and Yates and Yates, 1990).

The use of stochastic models in hydrogeclegy has increased
significantly in recent years. Two stochastic approaches that

" have been widely used are the first order uncertainty method

{Dettinger and Wilson, 1981) and Monte Carlo methods (Clifton
et al., 1985; Sagar et al., 1986; Eslinger and Sagar, 1988).
Andersson and Shapiro (1 983) have compared these two ap-
proaches for the case of steady-state unsaturated flow., The
Monte Carlo metheds are more general and easier to implement
than the first order uncertainty methods. . However, the Monte
Carlo methed is more computationally intensive, particularly for
multidimensional problems.

{Continuad on page 10)



" TABLES. ISOIL CHARACTERISTICS REQUIRED FOR VADOSEZONE MODELS  + .

Model Name
[Reference(s)] -

. Hel| Sesoil Creams’™ PRZM Vadoft Minteq Fowi™ Ritz
Properties and Parameters ‘(A,B) €Dy (EF) (GHI} (HJ) @0 ®

Soil bulk density
Soll pH
Soil texture

Chemflo

§

Depth to ground water

Harizons {soil layering)

Saturated hydraulic conducitivity

Water retention
Air permeability
Climate (precipitation)

3N JN IR JRCIN JNe)

Soil porosity

Soil organic content

Cation Exchange Capacity (CEC)

Degradation paramelers
Soil grain size distribution
Soil redox potential

Soil‘water partition coefficlents

Soil oxygen content

Soil temperature

Soil mineralogy

Unsaturated hydraulic conductivity

Saturated soil moisture content

Microorganism population

Soil respivation
Evaporation
Airfwatar contaminant densities

o|o|e|o|o| e e|o|e|o|o|o|o|e]o|o|e|e|c|e/ele|ele|o]e
e|e|e/o|c|eje|e|e|c/e|c/c/e/e/e/e/e/e/e e elec|ele
o|o|e|o|o|e|e|0je|o|e|c/e|e|o|e|/ele|oc|e|e elc|e|ole
ole|e|o|o|e|elojelo|elolo|e|o|elelc|c/e|ee/elelcle
o|olo|olo|e|e|e|ele|elelo|o|e|e|eloc|ole|lelelele|el e
eooooo00@000000@@0000_@@@03,
@'0'.0000oooo‘odoooooo@'oo@@oqoE
@oo@@ooooo'oooo'ooooooo@@oooé
@@ooooooaooeoooaavoooq@é@ovo2

CINCIN JRCINOIN JN JNelN JROIN JNeIN“IN IReIN IN JIN )

Airfwater contaminant viscosities

REFRENCES LT , s otk
A. Schoeder, etal,, 1984, F. Devaurs and Springer, 1988. K. Hostetler, Efickson, and Rai, 195, @ Required ONotrequired (@ Used indirectly
B. Sclroeder, etal, 1984a. G. Carseletal, 1984, L. Nofziger and Willaims, 1988. * Used in ther estmation of other required

C. Bonazountas and Wagner, 1984. H. Dean etal, 1989, M. Stevens etal., 1989, characleristics or the intrpretation of the models,

D. Chen, Wollman, and Lis, 1987, L Deanetal, 19892 N. Nofzigeretal,, 1989, bt not directly entered as input to models.

E. Leonard and Fetrelra, 1984. J. Brown and Alison, 1987, . : )
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Application of stochastic models to hazardoiis waste sites has *

two main advantages. First, this approach provides a rigorous
way to assess the uncertainty associated with the spatial vari-
ability of soil properties. Second, tha approach produees model
predictions in terms of the likelihood of outcomes, i.e., probabil-

ity of exceeding water quality standards. The use of models at

hazardous waste sites leads to a thoughtful and objective
treatment of compliance issues and concems.

In order to obtain aowrate results with models, quahty data
types must be used. Theissue of quality and confidencein data
can be partially addressed by obtaining as representative data
as possible. Good quality assurance and quality control plans
must be in place for not only the acquisition of samples, but also
for the application of the models {van der Heijde, et al., 1989).

Specific soil characteristics vary both laterally and vertically in
an undisturbed soil profile. Different soil characteristics have
differéntvariances. Asan example, the sample size required to
have 95 percent prebabiiity of detecting a change of 20 percent
in the mean bulk density at a specific site was 6; however, for
saturated hydraulic conductivity the sample size would need to
be 502 (Jury, 1986). A good understanding of site soil charac-
teristics can help the investigators understand these variations.
This is especially true for most hazardous waste sites because
the soils have often heen disturbed, which may cause even
greater variability.

Animportant aspect of site characterization data and models is
that the modeling process is. dynamig, i.e., as an increasing
number of “simplifying” assumptions are needed, the complexity
of the models must increase to adequately simulate the addi-
tional processes that must be included. Such simplifying as-
sumptions might include an isotropic homegeneous medium or
the presence of only one mobile phase (Weaver, et al,, 1989).
In order to decrease the number of assumptions required, there
is usuaily a need to increase the number of site-specific soil
charactenstlcdatatypes ingmodel {(sea Table 2); thus providing
greater confidence in the values produced. For complex sites,
an iterative process of iniliat data collection and evaluation
leading to more data cellection and evaluation until an accept-
able level of confidence in the evaluation can be reached can be
used.

Table 3 identifies selected unsaturated zone models and their
soil characteristic needs. For specific questions regarding use
and application of the model, the reader should refer to the
associated manuals. Some of these models are also reviewed
by Donigan and Rao (1986) and van der Heijde et al. (1988).

SOIL CHARACTERISTICS DATA TYPES REQUIRED
FOR REMEDIAL ALTERNATIVE SELECTION

Remedial Alternative Selection Procedure

The CERCLA process involves the identification, screening and
analysis of remedial alternatives at uncontrolled hazardous
waste sites (US EPA, 1988¢). During screening and analysis,
decision values for process-limiting characteristics for a given
remedial aiternative are compared {o site-specific values of
those characteristics. [If site-Specific values are outside the
range required for effective use of a particular alternative, that
alternative is less likely to be selected. Site soil conditions are
critical process-limiting characteristics,
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remedial process.

Pracess-LImmng Characteristfcs '

Process-limiting charactenst!cs are site- and waste-specific
data that are critical to the effectiveness and ability to
Implement remedial processes. Often, pracess-limiting charac-
teristics are descriptors of rate-limiting steps in the overall
In some cases, limitations imposed by
pracess-limiting characteristics can be overcome by adjustment
of soil characteristics such as pH, soil meisture content, tem-
perature and others. In other cases, the level of effort required
to overcome these limitations will preclude use of a remedlal
process.

Decision values for process limiting characteristics are increas-
ingly available in the literature, and may be calculated for
processes where design equations are known. Process limiting
charactertistics are identified and decision values are given for
several vadose zone remedial altematives in Table 4. For
waste/site characterization, process-limiting characteristics
may be broadly grouped in four categories:

1. Mass transport characteristics
2, Soil reaction characteristics
3. Contaminant propertles

4. Engineering characteristics

Thorough soil characterization is required to determine site-
specific values for process-limiting characteristics. Most reme-
dial alternatives will have process-limiting characteristics in
more than one category.

Mass Transport Characteristics

Mass transport Is the bulk flow, or advection of fluids through
soil. Mass transport characteristics are used to calculate
potercl’tia! rates of movement of Yiquids or gases through soil and
include:

Soil texture

Unsaturated hydraulic conductivnty
Dispersivity

Moisture content vs. soil moisture tension
Bulk density

Porosity

Permeability

Infiltration rate, stratigraphy and others.

Mass transport processes are often process-limiting for both in.
sity and extract-and-treat vadose zone remedial altemnatives
(Table 4). /n situ alternatives frequently use a gas or fiquid
mobile phase to move reactants or nutrients through contami-
nated soil. Alternatively, extract-and-treat processes such as
soll vapor extraction (SVE} or soil flushing use a gas or liquid
mobile phase to move contaminants to a surfaca treatment site,
For either type of process to be effective, mass transport rates
must be large enough to clean up a site withina reasonable time.

Soil Reaction Characteristics

Soil reaction characteristics describe contaminant-soll interac-
tlons. Soil reactions include bio-and physicochemical reactions
that oceur between the contaminants and the site soil. Rates of
reactions such as biodegradation, hydrolysis, sorptiofn/desomp-

" tion, precipitation/dissolution, redox. reactions, acid-base

reactions, and others are process-limiting characteristics for
{Continued on page 12)



TABLE 4, SOIL CHARACTERIZATION CHARACTERISTICS REQUIRED FOR ﬁEMEDIAL:TECHﬂOLOGY EVALUATION,

{US EPA, 18882,f; 1989a,b; 1930; Sims et al., 1986; Sims, 1930; Towers et al., 1588)
Process ’ Site Data : Process - Site Data
Technology Limiting Characteristics = Required Technology - Limiting Characteristics ~ Required
Pretreatment/ " Large parficles interfere Parlicle size Thermal treatment  Particle size affects Particle size
materials handling  Clayey sofls or hardpan distribution (continued) feeding and residuals distribution
difficult o handle ,
pH <5 and »>11 causes pH
Wet soils difficult Soil moisture content * comosion
to handle -
. Solidification/ Not equally effective for Contaminants
Sail vapor Applicabla only to volatile  Contaminants stabilization all contaminants present
exiraction organics wisignificant vapor  present
pressure »>1 mm Hg Fine parficles < No. 200 Particle size
mesh may interfere distribution
Low soil permeability inhibits. Soil permeability .
air movement ) Qll and grease >10% Qil and grease
may interfere
Soif hydraulic conductivity.  Hydraulic
>1E-8 cmv'sec required conductivity Chemical Not equally effective Contaminants
extraction for all contaminants present
Depth to ground water Depth to ground water | (shurry reactors)
>20 ft recommended Particle size <0.25 in. Particle size
' distribution
High moisture contant Soil moistura content
inhibits air movement pH<10 pH
High organic matter Qrganic matter content | Soif washing Not equally effective Contaminants
content inhibits for all contaminants present
contaminant removal . )
- Sitt and'clay difficult Particle
Insitv enhanced  Applicable enly to Contaminants present to remove from wash size distribution
bioremediation specific organics fluid
Hydraulic conductivity Hydraulic conductivity | Soil flushing Not equally effective Contaminants
>1E-4 cmi/sec preferred for all eantaminants present
{o transport nutrients
Required number of Infiltration rate
St;za_ﬁﬁ:laﬁon should be Soil stratigraphy pore volumes and porosity
minim .
Glycolate Not equally effective Cantaminants
Lower permeabilily layers  Soil stratigraphy dechlorination for all contaminants present
difficult to remediats
Moisture content <20% Moisture content
Temperature 15-45°C Soil temperature .
required Low organic matter Qrganic carbon
content required ‘
Moisture content 40-80%  Sail maisture .
ofthat al -1/3 bars tension  characteristic curves Chemical oxidation/ ot equally effective Contaminants
preferred reduction (slumy  for all contamiants present
reactor} )
pH 4.5-3.5 required Soil pH Oxidizable organics Organic carbon
interfere ‘
Presence of microbes Plate count
Tequired pH <2 interferes pH
Minimum 10% air-filled Porosity and soil In'sity Maximum moisture Moisture
porosity required for maoistura content vitrification - content of 25% by weight  content
aeration
Particle size <4 inches Particle size
Thermal treatment  Applicabla only fo organies  Contaminants presert distribution
Requires soil hydraulic Hydraulic conductivity
Soit moisture content Soil moisture content conductivity <1E-5 emfsec :
affects handling and
heating requirements
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many remedial alternatives (Table 4). Sonl reacﬁon character—
istics mclude '

K, spec:ﬁc to the site soils and éontamlhants

Cation exchange capacity {CEC)

Eh

pH

Soll biota

Soil nutrient content

Contaminant abioﬁabiological degradation rates

Soil mineralogy y
Contaminant properties, descnbed below, and others.

Soil reaction characteristics determine the effectiveness of
many remedial altematives. For example, the ability of a soil to
attenuate metals (typically described by K ) may determine the
effectiveness of an altemative that relies on capping
and natural attenuation to immobilize contaminants.

Soil Contaminant Properties

Contaminant properties are critical to contaminant-soil interac-
tions, contaminant mobility, and to the ability of treatment
technologies to remove, destroy or immobilize contaminants.
Important contaminant properties include:

Water solubility
Dielectric constant
Diffusion coefficlent
K ‘

0C

Kd

m::lecular weight

Vapor pressure

Density

Aqueous solution chemistry, and others.

Soit contaminant properties will determine the effectiveness of
many freatment techniques. Forexample, the aqueous solution
chemistry of metal contaminants' often dictates the potential
effectiveness of stabilization/solidification alternatives.

Soil Engineering Characteristics and Properties

Engineering characteristics and properties of the soil relate both
to implementability and effectiveness of the remedial action.
Examples include the ability of the treatment method to remove,
destroy or immobilize contaminants; the costs and difficulties in
installing slurry walls and other containment opfions at depths
greater than 60 feet; the ability of the site to withstand vehicle
traffic (trafficability); costs and difficulties in deep excavation of
contaminated soil; the ability of soil to be worked for implemen-
tation of in silu treatment technologies (tilth); and others.

Knowledge of site-specific engineering characteristics and -

properties is therefore required for analysis of effactiveness and
implementability of remediaf alternatives. Engineering charac-
teristics and properties include, but are not limited to:

Trafficability

Erodability

Tiith

Depth to groundwater

Thickness of saturated zone

Depth and total volume of contaminated soil
Bearing capacity, and others.

r
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SUMMARY AND CONCLUSIONS

The goal of the CERCLA RI/FS process is to reacha RODina
timely manner. Soil characterization is critical to this goal. Soil
characterization provides data for RV/FS tasks including deter-
minatibn of the nature and extent of contamination, risk as-
sessment, and selection of remedial techmques

This paper is intended to inform investigators of the data types
required for RI/FS tasks, so that data may be collected as
quickly, efficiently, and cost offectively as possible. This
knowledge should improve the consistency of site evaluations,
improve the ability of OSCs and RPMs to communicate data
needs to site contractors, and aid in the overall goal of reaching
a ROD in a timely manner.
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